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INJECTING  MOLDING  METHOD  INVOLVING  PRESSING. 

expanded  cavity  in  quantity  greater  than  necessary 
for  obtaining  a  molded  article.  Before  the  full  quan- 
tity  of  this  thermoplastic  resin  measured  in  advance 
is  injected  into  the  cavity,  the  cavity  is  diminished. 
At  the  point  of  time  when  the  cavity  is  diminished  to 
a  sum  of  the  volume  of  the  molded  article  and  the 
mold  shrinkage  quantity  of  the  thermoplastic  resin 
due  to  cooling,  this  diminishing  operation  is  con- 
trolled  in  such  a  manner  as  not  to  leave  any  un- 
charged  portions  inside  the  cavity  which  would 
cause  flow  marks.  At  the  time  of  its  diminution,  the 
injection  pressure  is  lowered  to  a  pressure  at  which 
the  backflow  of  the  thermoplastic  resin,  which  might 
have  been  over-changed  into  the  cavity,  from  the 
cavity  due  to  the  diminution  of  the  cavity  is  not 

©  In  an  injection  molding  method  involving  press- 
ing  for  producing  a  molded  article  by  injecting  a 

*"■  plasticized  and  measured  thermoplastic  resin  into 
^cavities  through  a  sprue  -  runner  -  gate  and  cooling 
CO  it  with  a  mold  clamping  force  applied,  the  present 
CO  invention  provides  a  method  for  preventing  the  oc- 
*^curence  of  weld  marks,  non-uniformity  of  injected 
O  resin  quantities  among  a  plurality  of  cavities, 
OOphotoelastic  strain,  flow  marks,  and  the  like.  A  cavity 
o  formed  inside  the  mold  is  in  advance  expanded  to  a 
O  volume  sufficient  to  prevent  a  branch  flow  of  in- 
rt  flowing  resin  and  is  kept  at  a  temperature  sufficient 
UJfor  the  resin  to  keep  a  fluidization  state.  The  thermo- 

plastic  resin  which  is  heated  and  is  under  a  molten 
state  is  preparatorily  measured  and  injected  into  this 
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prevented  and  the  resin  can  be  injected  to  the 
uncharged  portions  where  the  resin  might  remain 
inside  the  cavity.  The  sprue  is  cut  off  when  the 
behaviour  of  the  resin  inside  the  cavity  goes  stable, 
and  the  resin  injected  into  the  cavity  is  cooled  and 
hardened  under  pressure  to  a  withdrawing  tempera- 
ture. 

F I G . 3  

Decrease  pressure  as temperature  decreases, and  cool  while,  maintaining dynamic  modulus  of eia  si  icity 

Take  out  product 
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D E S C R I P T I O N  

INJECTION  MOLDING  METHOD  WITH  STAMPING  COMPRESSION 

TECHNICAL  FIELD 

This   i n v e n t i o n   r e l a t e s   to  an  i n j e c t i o n   m o l d i n g  

m e t h o d   w i t h   s t a m p i n g   c o m p r e s s i o n ,   and  more  p a r t i c u l a r l y   to  

an  i n j e c t i o n   m o l d i n g   method  wi th   s t a m p i n g   c o m p r e s s i o n   m o s t  

s u i t a b l e   for   m o l d i n g   a r t i c l e s   whi'ch  r e q u i r e   h igh   m o l d i n g  

p r e c i s i o n   and  c o m p o s i t i o n a l   h o m o g e n e i t y   such   as  o p t i c a l  

l e n s e s .  

BACKGROUND  ART 

E x a m p l e s   of  t y p i c a l   known  a r t   for   o b t a i n i n g   m o l d e d  

a r t i c l e s   from  t h e r m o p l a s t i c   r e s i n   w i l l   be  d e s c r i b e d   b e l o w .  

F i r s t ,   t  h  3  c a v i t y   is  e x p a n d e d   p r e p a r a t o r i l y   t o  

p r e v e n t   the  g e n e r a t i o n   of  weld  mark  on  the  s u r f a c e   of  m o l d e d  

a r t i c l e s ,   and  t h e r m o p l a s t i c   r e s i n   in  m o l t e n   s t a t e   which  i s  

m e a s u r e d   p r e v i o u s l y   to  a  q u a n t i t y   r e q u i r e d   for   o b t a i n i n g  

the  m o l d e d   a r t i c l e s   is  i n j e c t e d   to  the  e x p a n d e d   c a v i t y .  

A f t e r   t h i s   i n j e c t i o n   o p e r a t i o n   is  c o m p l e t e d   and  t h e  

g a t e   is  s e a l e d ,   the  t h e r m o p l a s t i c   r e s i n   i n j e c t e d   to  t h e  

c a v i t y   is  c o o l e d   to  a  t a k e - o u t   t e m p e r a t u r e   w i th   m o l d  

c l a m p i n g   f o r c e   a p p l i e d ,   and  the  m o l d e d   a r t i c l e   is  now 

o b t a i n e d .  
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However ,   the  method  in  p r i o r   a r t   i n v o l v e s   p r o b l e m s  

as  f o l l o w s .  

la  the  c a s e   when  one  mold  has  two  or  more  c a v i t i e s ,  

to  c o m p l e t e l y   e q u a l i z e   the  e a s i n e s s   of  r e s i n   flow  in to   t h e  

c a v i t i e s   is  very   d i f f i c u l t .   A c c o r d i n g l y ,   much  r e s i n   i s  

i n j e c t e d   i n t o   a  c a v i t y   i n to   which  r e s i n   f low  is  e a s i e r   t h a n  

the  o t h e r ,   and  u n b a l a n c e   o c c u r s   in  the  q u a n t i t y   of  r e s i n  

f i l l i n g   the  c a v i t i e s .  

In  a d d i t i o n ,   s i n c e   the  c a v i t y   is  e x p a n d e d   co 

p r e v e n t   weld  mark,  when  i n j e c t i o n   of  m e a s u r e d   r e s i n   i s  

c o m p l e t e d ,   r e s i n   flow  s t o p s   l e a v i n g   a  l a r g e   u n f i l l e d   p o r t i o n  

in  the  c a v i t y .   4s  a  r e s u l t ,   flow  marks  tend  to  occu r   a l o n g  

r,  h  e  b  c  u  n  j  a  r  y  l i n e   of  the  f i l l e d   p o r t i o n   and  u  n  r  i  I  I  e  c 

p o r t i o n .  

F u r t h e r m o r e ,   p h o t o e l a s t i c   d i s t o r t i o n   o c c u r s   a:  a 

p o i n t   where   the  f low  mark  g e n e r a t e s .  

A n o t h e r   e x a m p l e   of  p r i o r   a r t   which   is  known  is  a s  

f o l l o w s .  

F i r s t ,   the  c a v i t y   is  p r e p a r a t o r i l y   e x p a n d e d   to  

p r e v e n t   the  g e n e r a t i o n   of  a  weld  mark  on  the  s u r f a c e   of  a 

m o l d e d   a r t i c l e ,   and  t h e r m o p l a s t i c   r e s i n   in  m o l t e n   s t a t e   i s  

i n j e c t e d   to  f i l l   the  c a v i t y   wi th   the  t h e r m o p l a s t i c   r e s i n  

c o m p l e t e l y .  

Then,   w i th   the  ga t e   no  s e a l e d ,   the  c a v i t y   i s  

r e d u c e d   in  volume  and  o v e r c h a r g e d   t h e r m o p l a s t i c   r e s i n   i s  
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c a u s e d   to  make  b a c k f l o w   from  the  c a v i t y .   When  the  c a v i t y   i s  

r e d u c e d   to  a  d e s i r e d   vo lume ,   the  g a t e   is  s e a l e d ,   and  t h e  

t h e r m o p l a s t i c   r e s i n   is  c o o l e d   and  h a r d e n e d   u n d e r   p r e s s u r e .  

However ,   the  a b o v e - m e n t i o n e d   e x a m p l e   of  p r i o r   a r t  

has  a  p r o b l e m ,   t h a t   is ,   due  to  a  l a r g e   q u a n t i t y   of  b a c k f l o w  

of  the  t h e r m o p l a s t i c   r e s i n ,   p h o t o e l a s t i c   d i s t o r t i o n   t ends   t o  

o c c u r   a r o u n d   the  i n l e t   of  the  c a v i t y .  

In  a d d i t i o n ,   both   the  f o r m e r   and  l a t t e r   e x a m p l e s  

have   the  f o l l o w i n g   p r o b l e m s .  

Though  when  the  t h e r m o p l a s t i c   r e s i n   is  c o o l e d   f r o m  

m o l t e n   s t a t e   of  a  h igh  t e m p e r a t u r e   and  h a r d e n e d ,   i t s   d y n a m i c  

m o d u l u s   of  e l a s t i c i t y   v a r i e s   and  the  r e s i n   b e c o m e s   h a r d ,  

the  d y n a m i c   modu lus   of  e l a s t i c i t y   does  not   va ry   l i n e a r l y  

t h r o u g h o u t   the  t e m p e r a t u r e   r a n g e   d u r i n g   c o o l i n g :   bu:  t h e  

d y n a m i c   m o d u l u s   of  e l a s t i c i t y   a b r u p t l y   v a r i e s   at  a  c e r t a i n  

t e m p e r a t u r e   ( g l a s s   t r a n s i t i o n   p o i n t ,   T g ) .  

B e c a u s e   of  t h i s   c h a r a c t e r i s t i c ,   if  t h e r e   o c c u r s  

t e m p e r a t u r e   d i f f e r e n c e   from  p a r t   to  p a r t   when  the  r e s i n  

t e m p e r a t u r e   goes  t h r o u g h   the  g l a s s   t r a n s i t i o n   p o i n t   w h i l e  

b e i n g   c o o l e d ,   t h e r e   o c c u r s   a  p o r t i o n   whe re   the  r e s i n   is  i n  

the  s o l i d i f i e d   s t a t e   and  a  p o r t i o n   whe re   the  r e s i n   is  in  t h e  

m o l t e n   s t a t e .   In  the  c o n v e n t i o n a l   m o l d i n g   m e t h o d ,   no 

s p e c i a l   c o n s i d e r a t i o n   is  g i v e n   to  the  t e m p e r a t u r e   d i f f e r e n c e  

from  p a r t   to  p a r t   in  the  r e s i n ,   and  the  p r o c e s s   is  p r o c e e d e d  

to  the  c o m p r e s s i o n   p r o c e s s .   As  a  r e s u l t ,   the  p o r t i o n   in  t h e  
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s o l i d i f i e d   s t a t e   t ends   to  c a u s e   p l a s t i c   d e f o r m a t i o n   and  t h e  

i n t e r n a l   c o m p o s i t i o n   t ends   to  become  h e t e r o g e n e o u s .  

The  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  to  s o l v e  

a b o v e - m e n   t i o n e d .   p r o b l e m s .  

In  p a r t i c u l a r ,   the  p r e s e n t   i n v e n t i o n   p r o v i d e s   an  

i n j e c t i o n   m o l d i n g   method   wi th   s t a m p i n g   c o m p r e s s i o n  

c h a r a c t e r i z e d   by  f r e e   of  u n b a l a n c e   in  the  q u a n t i t y   of  r e s i n  

to  be  f i l l e d   in  a  p l u r a l i t y   of  c a v i t i e s   o c c u r r i n g   due  to 

p r e p a r a t o r y   e x p a n s i o n   of  c a v i t y   for   p r e v e n t i n g   weld  :ii  a  r  k  a t  

the  t ime  of  i n j e c t i o n .  

[n  a d d i t i o n ,   the  p r e s e n t   i n v e n t i o n   p r o v i d e s   an 

I n j e c t i o n   m o l d i n g   met  hoc  with  s t a m p i n g   c o m p r e s s i o n   ;  r  e  e  o r  

g e n e r a t i o n   of  flow  mark  or  p  h  o  t  o  e  1  a  s  t  i  c  d i s t o r t i o n   due  :  o 

s t o p p i n g   of  r e s i n   flow  with  a  l a r g e   u n f i l l e d   p o r t i o n  

r e m a i n i n g   in  the  c a v i t y   when  the  i n j e c t i o n   o p e r a t i o n  

c o m p l e t e d .  

In  a d d i t i o n ,   the  p r e s e n t   i n v e n t i o n   p r o v i d e s   an 

i n j e c t i o n   m o l d i n g   method  wi th   s t a m p i n g   c o m p r e s s i o n   f r ee   o f  

g e n e r a t i n g   p h o t o e l a s t i c   d i s t o r t i o n   r e s u l t i n g   from  t h e  

back  f low  of  a  l a r g e   q u a n t i t y   of  r e s i n   from  the  c a v i t y   when 

the  c a v i t y   s h r i n k s .  

F u r t h e r ,   the  p r e s e n t   i n v e n t i o n   p r o v i d e s   an  i n j e c t i o n  

m o l d i n g   method   wi th   c o m p r e s s i o n   c a p a b l e   of  p r e v e n t i n g   t h e  

i n t e r n a l   c o m p o s i t i o n   of  molded  a r t i c l e s   from  b e c o m i n g  

h e t e r o g e n e o u s   and  p r e v e n t i n g   p l a s t i c   d e f o r m a t i o n   of  a 
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p o r t i o n   where   the  s o l i d i f i c a t i o n   o c c u r s   q u i c k l y ,   by 

p r e v e n t i n g   p r e s e n c e   of  a  p o r t i o n   of  r e s i n   in  a  s o l i d i f i e d  

s t a t e   and  a  p o r t i o n   of  r e s i n   in  a  m o l t e n   s t a t e   t o g e t h e r   d u e  

to  t e m p e r a t u r e   d i f f e r e n c e   in  the  r e s i n   when  the  r e s i n   i s  

c o o l e d   and  p a s s e s   t h r o u g h   the  g l a s s   t r a n s i t i o n   p o i n t   to  t h e  

low  t e m p e r a t u r e   s i d e .  

DISCLOSUR  OF  INVENTION' 

In  the  i n j e c t i o n   m o l d i n g   me thod   w i t h   s t a m p i n g  

c o m p r e s s i o n   a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n . ,   the  v o l u m e  

of  one  or  more  than  one  c a v i t i e s   fo rmed   in  the  mold  i s  

p r e v i o u s l y   e x p a n d e d   to  a  volume  which   is  more  than  the  sum 

•of  the  vo lume  of  the  a r t i c l e   to  be  mo lded   and  a  volume  o f  

m o l d i n g   s h r i n k a g e   due  to  c o o l i n g   of  the  t h e r m o p l a s t i c   r e s i n  

and  wh ich   is  a  vo lume  s u f f i c i e n t   for   p r e v e n t i n g   d i v i d e d   f l o w  

of  r e s i n   f l o w i n g   i n t o   the  c a v i t i e s ,   and  the  t e m p e r a t u r e   i s  

c o n t r o l l e d   to  l e v e l   r e q u i r e d   for   m a i n t a i n i n g   the  i n j e c t e d  

r e s i n   in  a  f l o w i n g   s t a t e .  

A  p l u r a l i t y   of  c a v i t i e s   may  be  p r o v i d e d   in  a  s i n g l e  

moled   a p p a r a t u s .  

The  r e s i n   to  be  i n j e c t e d   is  p r e p a r a t o r i l y   m e a s u r e d  

by  a  m e a s u r i n g   i n j e c t i o n   means ,   e . g . ,   an  i n j e c t i o n   p l u n g e r  

or  the  l i k e .   In  t h i s   p r e p a r a t o r y   m e a s u r i n g ,   m o l t e n  

t h e r m o p l a s t i c   r e s i n   of  the  q u a n t i t y   more  than  r e q u i r e d   f o r  

o b t a i n i n g   a  d e s i r e d   molded  a r t i c l e   is  m e a s u r e d .  
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The  t h e r m o p l a s t i c   r e s i n   thus   m e a s u r e d   is  i n j e c t e d  

i n t o   one  or  more  c a v i t i e s   fo rmed  in  a  mold .   No  d i v i d e d   f l o w  

o c c u r s   in  the  r e s i n   f l o w i n g   i n t o   the  c a v i t i e s   a n d  

a c c o r d i n g l y   no.   weld  mark  is  g e n e r a t e d   b e c a u s e   the  c a v i t y   i s  

e x p a n d e d   and  c a v i t y   t e m p e r a t u r e   is  m a i n t a i n e d   at  f l o w  

t e m p e r a t u r e   of  r e s i n   or  h i g h e r .  

The  c a v i t y   b e g i n s   to  s h r i n k   b e f o r e   the  c o m p l e t i o n  

of  i n j e c t i o n   o p e r a t i o n   of  the  r e s i n ,   and  the  c a v i t y  

s h r i n k i n g   o p e r a t i o n   and  r e s i n   i n j e c t i o n   s p e e d   are  c o n t r o l l e d  

so  t h a t   no  u n f i l l e d   p o r t i o n   which   is  l a r g e   enough   :o 

g e n e r a t e   a  flow  mark  r e m a i n s   in  the  c  3  v  i  t  y  when  the  :  a  v  i  t  y 

is  r e d u c e d   to  a  volume  equa l   to  the  sum  of  the  v o l n e   or  t h e  

a  r  :  i  c  1  e  to  be  molded  and  s  volume  :  :  n  o  I  a  i  n  g  s  h  r  :  n  k  3  g  e  d  u  e 

to  the  c o o l i n g   of  the  t h e r m o p l a s t i c   r e s i n .  

The  i n j e c t i o n   p r e s s u r e   of  the  r e s i n   is  l o w e r e d   to 

the  r e t a i n i n g   p r e s s u r e   which  does   not  o b s t r u c t   back  flow  to  

the  c a v i t y   of  the  r e s i n   l i k e l y   to  be  o v e r c h a r g e d   to  t h e  

c a v i t y   due  to  the  c a v i t y   c o n t r a c t i o n   and  which   a l l o w s   t h e  

i n j e c t i o n   or  the  r e s i n   in to   any  u n f i l l e d   p o r t i o n   1  ike  i  y  to  

r e m a i n   in  the  c a v i t y   when  the  c a v i t y   is  c o n t r a c t e d   at  l e a s t  

to  a  volume  e q u a l   to  the  sum  of  the  v o l u m e   of  the  m o l d e d  

a r t i c l e   and  a  vo lume  of  m o l d i n g   s h r i n k a g e   due  to  the  c o o l i n g  

of  the  t h e r m o p l a s t i c   r e s i n .  

A c c o r d i n g l y ,   at  t h i s   p o i n t ,   the  i n t e r n a l   p r e s s u r e  

of  the  c a v i t y   in  which  the  r e s i n   is  s l i g h t l y   o v e r c h a r g e d   i s  
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h i g h e r   than  the  r e t a i n i n g   p r e s s u r e ,   and  t h e r e f o r e   s l i g h t l y  

o v e r c h a r g e d   r e s i n   b a c k f l o w s   due  to  the  p r e s s u r e   d i f f e r e n c e  

w i t h   the  r e t a i n i n g   p r e s s u r e .  

On  t h e ' b t h e r   hand,   to  the  c a v i t y   h a v i n g   a  s l i g h t l y  

u n f i l l e d   p o r t i o n ,   the  r e s i n   keeps   f l o w i n g   by  the  r e s i n  

r e t a i n i n g   p r e s s u r e   and  back  flow  p r e s s u r e   from  o t h e r   c a v i t y .  

When  the  vo lume  of  the  c a v i t y   is  c o n t r a c t e d   to  a 

v a l u e   e q u a l   to  the  sum  of  the  vo lume   of  the  molded   a r t i c l e  

and  a  vo lume  of  m o l d i n g   s h r i n k a g e   due  to  the  c o o l i n g   of  t h e  

t h e r m o p l a s t i c   r e s i n   in  the  c a v i t y   and  b e h a v i o r   of  the  r e s i n  

in  the  c a v i t y   b e c o m e s   s t a b l e ,   the  s p r u e   is  s e a l e d ,   and  a l l  

c a v i t i e s   are   f i l l e d   wi th   the  r e s i n   of  the  q u a n t i t y  

d e t e r m i n e d   by  t a k i n g   i n to   a c c o u n t   the  m o l d i n g   s h r i n k a g e   d u e  

to  c o o l i n g .  

As  a l r e a d y   m e n t i o n e d ,   t h e r m o p l a s t i c   r e s i n   has  a 

c h a r a c t e r   t h a t   i t s   d y n a m i c   m o d u l u s   of  e l a s t i c i t y   i n c r e a s e s  

w i t h   c o o l i n g   down  and  the  r e s i n   is  h a r d e n e d .   P a r t i c u l a r l y ,  

when  i t   goes  t h r o u g h   the  g l a s s   t r a n s i t i o n   p o i n t ,   i t s   d y n a m i c  

m o d u l u s   of  e l a s t i c i t y   a b r u p t l y   v a r i e s .   In  a d d i t i o n   to  s u c h  

c h a r a c t e r ,   r e s i n   has  a  c h a r a c t e r   t h a t   i t s   d y n a m i c   m o d u l u s   o f  

e l a s t i c i t y   i n c r e a s e s   by  i n c r e a s i n g   the  p r e s s u r e   even  i f  

t e m p e r a t u r e   is  the  same,  and  i t s   g l a s s   t r a n s i t i o n   p o i n t  

s h i f t s   to  the  h i g h e r   t e m p e r a t u r e   s i d e .  

This   means  t h a t   t h e r m o p l a s t i c   r e s i n   is  e a s i l y -  

h a r d e n e d   at  a  h igh   t e m p e r a t u r e   ( t e m p e r a t u r e ,   e . g .   ,130  ° C  
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at  which   a c r y l i c   r e s i n   is  in  a  f low  s t a t e   u n d e r   n o r m a l  

p r e s s u r e )   c o r r e s p o n d i n g l y   when  a  h igh   p r e s s u r e   is  a p p l i e d .  

The  p r e s e n t   i n v e n t i o n   u t i l i z e s   such  c h a r a c t e r   o l  

t h e r m o p l a s t i c   r e s i n .  

When  the  s p r u e   is  s e a l e d ,   t e m p e r a t u r e   in  the  c a v i t y -  

is  m a i n t a i n e d   to  a  t e m p e r a t u r e   at  wh ich   the  r e s i n   keeps   t h e  

f low  s t a t e   u n d e r   no rmal   p r e s s u r e ,   and  the  r e s i n   in  t h e  

c a v i t y   is  in  such  a  c o n d i t i o n   t h a t   p r e s s u r e   can  be 

t r a n s m i t t e d   u n i f o r m l y   to  the  e n t i r e   p o r t i o n .  

If  mold  c l a m p i n g   f o r c e   is  a p p l i e d   to  the  c a v i t y   i  n 

t  n  i  c  c o n d i t i o n ,   the  r e s i n   in  the  c a v i t y   i n c r e a s e   i t s   d y n a m i c  

m o d u l u s   of  e l a s t i c i t y   w i t n o u i   a c c o m p a n y i n g   t e m p e r a t u r e  

d e c r e a s e .  

A c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n ,   by  a p p l y i n g   a 

p r e s s u r e   which  can  p r o v i d e   d y n a m i c   m o d u l u s   of  e l a s t i c i t y   o f  

the  r e s i n   at  no rmal   t e m p e r a t u r e   and  n o r m a l   p r e s s u r e   to  t h e  

r e s i n   in  the  c a v i t y   a f t e r   the  s p r u e   is  s e a l e d ,   the  r e s i n   c a n  

be  h a r d e n e d   w i t h o u t   t e m p e r a t u r e   drop  or  w i th   a  s l i g h t  

t e m p e r a t u r e   d r o p .  

The  r e s i n   whose  d y n a m i c   m o d u l u s   of  e l a s t i c i t y   i s  

i n c r e a s e d   by  a p p l y i n g   p r e s s u r e   is  c o o l e d   in  the  c a v i t y .  

As  d e s c r i b e d   above ,   t h e r m o p l a s t i c   r e s i n   has  a 

c h a r a c t e r i s t i c   t h a t   i t s   d y n a m i c   m o d u l u s   of  e l a s t i c i t y  

i n c r e a s e s   when  c o o l e d .   A c c o r d i n g l y ,   by  d e c r e a s i n g  

c o m p r e s s i o n   f o r c e   as  the  r e s i n   is  c o o l e d ,   the  r e s i n   in  t h e  
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c a v i t y   is  c o o l e d   down  to  a  t a k e - o u t   t e m p e r a t u r e   w h i l e  

m a i n t a i n i n g   the  d y n a m i c   modu lus   of  e l a s t i c i t y   of  the  r e s i n  

in  the  c a v i t y   to  the  dynamic   m o d u l u s   of  e l a s t i c i t y   at  t h e  

t ime  of  n o r m a l   ■ ■ t e m p e r a t u r e   and  n o r m a l   p r e s s u r e .  

When  the  r e s i n   in  the  c a v i t y   is  c o o l e d   to  t h e  

t a k e - o u t   t e m p e r a t u r e ,   the  r e s i n   fo rms   a  c o m p l e t e   m o l d e d  

a r t i c l e .   Now,  the  molded  a r t i c l e   is  t a k e n   out   by  o p e n i n g  

the  c a v i t y .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig .   1  is  a  s e c t i o n a l   view  of  a  i n j e c t i o n   m o l d i n g  

a p p a r a t u s   w i th   d i r e c t   p r e s s u r e   type   s t a m p i n g   c o m p r e s s i o n   to  

be  used  in  the  p r e s e n t   i n v e n t i o n   cut   away  a l o n g   the  c e n t e r  

l i n e   of  a  mold  c l a m p i n g   c y l i n d e r ;  

F ig .   2  is  a  s e c t i o n a l   view  of  an  i n j e c t i o n   m o l d i n g  

a p p a r a t u s   w i th   s t a m p i ' n g   c o m p r e s s i o n   shown  in  F ig .   1  cut   away  

a l o n g   the  c e n t e r   l i n e   of  t i e   b a r ;  

F ig .   3  is  a  f l o w c h a r t   s h o w i n g   the  o p e r a t i o n   of  t h e  

p r e s e n t   i n v e n t i o n ;  

F ig .   4  is  a  view  s h o w i n g   the  a p p e a r a n c e   of  t h e  

c a v i t i e s   when  90%  of  p r e p a r a t o r i l y   m e a s u r e d   r e s i n   i s  

i  n  j  ec  ted  ; 

F i g .   5  is  a  view  s h o w i n g   the  a p p e a r e n c e   of  t h e  

c a v i t i e s   when  95%  of  the  p r e p a r a t o r i l y   m e a s u r e d   r e s s i n   i s  

i  n  j  ec  ted  ; 
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F ig .   6  is  a  view  : h o w i n g   the  a p p e a r a n c e   of  t h e  

c a v i t i e s   when  96%  or  more  of  the  p r e p a r a t o r i l y   m e a s u r e d  

r e s i n   is  i n j e c t e d ;   a n d  

F ig .   7  i  s  a  view  s h o w i n g   the  a p p e a r a n c e   of  t h e  

c a v i t i e s   a f t e r   a  g a t e   is  s e a l e d .  

3EST  10DE  FOR  CARRYING  OUT  THE  INVENTION 

F i g s .   1  and  2  show  an  e x a m p l e   of  i n j e c t i o n   m  o  i  d i n g  

a p p a r a t u s   wi th   s t a m p i n g   c o m p r e s s i o n   to  be  used  for  m o l d i n g  

in  a c c o r d a n c e   wi th   the  -net  hod  of  the  p r e s e n t   i n v e n t i o n .  

On  the  u p p e r   end  :  f  t i e   b a r s   2  p l a n t e d   at  f o u r  

c o r n e r s   of  a  f i x e d   p l a t e   1  .  a  c y l i n d e r   f i x i n g   p l a t e   -L  on 

/,  p.  i  c  h  a  ti  o  1  d  c lamp  c y l i n d e r   3  is  a t t a c h e d :   is  u  n  m  o  v  a  b  i  y 

ins  ta  1  l e a .  

To  the  end  of  a  p i s t o n   5  of  the  mold  c lamp  c y l i n d e r  

3,  a  m o v a b l e   p l a t e   6  is  f i x e d .   This   m o v a b l e   p l a t e   6  a s c e n d s  

and  d e s c e n d s   a l o n g   the  t ie   b a r s   2  as  the  p i s t o n   5  a d v a n c e s  

and  r e t r a c t s .  

On  the  top  face   of  the  f i x e d   p l a t e   1,  a  lower   m o l d  

p l a t e   7  is  f i x e d ,   and  in  the  l o w e r   mold  p l a t e   7  lower   m o l d  

i n s e r t s   8  and  9  are   c o n t a i n e d .  

On  the  b o t t o m   face  of  the  m o v a b l e   p l a t e   6,  an  u p p e r  

mold  s u s p e n s i o n   member  10  is  f i x e d .  

An  u p p e r   mold  p l a t e   11  b e i n g   in  c o n t a c t   wi th   t h e  

l o w e r   mold  p l a t e   7  is  s u s p e n d e d   from  the  u p p e r   m o l d  
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s u s p e n s i o n   member  10  by  b o l e s   12  and  13.  A  c o m p r e s s i o n  

s p r i n g   14  p r o v i d e d   a r o u n d   the  b o l t   12  and  a  c o m p r e s s i o n  

s p r i n g   15  p r o v i d e d   a r o u n d   the  b o l t   13  p r o d u c e   a  d e p a r t i n g  

f o r c e   b e t w e e n   the  u p p e r   mold  s u s p e n s i o n   member  10  and  u p p e r  

mold  p l a t e   11  . 

Upper  mold  i n s e r t s   16  and  17  a re   p r o v i d e d   in  t h e  

u p p e r   mold  p l a t e   11  at  p o i n t s   j u s t   above   the  lower   m o l d  

i n s e r t s   8  and  9  r e s p e c t i v e l y   in  a  m a n n e r   p e r m i t t i n g  

a s c e n d i n g   and  d e s c e n d i n g .  

Head  f l a n g e s   16a  and  17a  of  the  u p p e r   mold  i n s e r c s  

16  and  17  e x i s t   in  an  i n t e r n a l   s p a c e   LOa  of  the  uppe r   m o l d  

s u s p e n s i o n   member  10 . -   The  head  f l a n g e s   16a  and  17a  a r e  

s u p p o r t e d   in  the  i n t e r n a l   s p a c e   10a  of  the  uppe r   m o l d  

s u s p e n s i o n   member  10  by  c o m p r e s s i o n   s p r i n g s   13  and  19 

r e s p e c t i v e l y ,   and  the  top  end  f a c e s   of  the  head  f l a n g e s   16a  

and  17a  are   in  c o n t a c t   wi th   the  b o t t o m   f a c e   of  the  m o v a b l e  

p l a t e   6  . 

I n s i d e   the  c o m p r e s s i o n   s p r i n g s   18  and  19,  r e t u r n  

p i n s   20  and  21  a re   p r o v i d e d   r e s p e c t i v e l y   to  g u i d e   t h e  

c o m p r e s s i o n   s p r i n g s   18  and  1 9 .  

As  d e t a i l e d   in  F ig .   2,  an  a u x i l i a r y   c y l i n d e r   22  i s  

s c r e w e d   to  the  b o t t o m   end  of  e ach   t i e   bar  2,  and  the  end  o f  

a  p i s t o n   23  of  the  a u x i l i a r y   c y l i n d e r   22  p e n e t r a t e s   a  l o w e r  

f l a n g e   24  and  is  s c r e w e d   to  a  b o t t o m e d   c y l i n d r i c a l   c a se   2 o .  

On  the  top  end  face   of  the  c a s e   25,  a  pin  26  i s  
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i n s t a l l e d   v e r t i c a l l y .   This  pin  26  p a s s e s   t h r o u g h   a  t h r o u g h  

h o l e   fo rmed   in  the  f i x e d   p l a t e   1,  and  can  a s c e n d   a n d  

d e s c e n d .  

A  v e r t i c a l l y   long  s p a c e r   r i n g   27  is  d i s p o s e d   a r o u n d  

the  t i e   bar  2,  and  the  bo t tom  s u r f a c e   of  the  s p a c e r   r i n g   27 

is  s u p p o r t e d   by  the  pin  2 6 .  

In  an  i n j e c t i o n   c y l i n d e r   23  for   m e a s u r i n g   a n d  

i n j e c t i n g   m o l t e n   r e s i n ,   a  p l u n g e r   29  is  p r o v i d e d .   The 

p l u n g e r   29  a d v a n c e s   and  r e t r a c t s   in  the  i n j e c t i o n   c y l i n d e r  

23  by  a  d r i v i n g   m e c h a n i s m ,   e . g . ,   a  h y d r a u l i c   c y l i n d e r   ( n o t  

shown  )  . 

A  n o z z l e   2  3  a  o  :  t  n  e  i n j e c t i o n   c y l i n d e r   23  i s  

d e p r e s s e d   to  a  s p r u e   30  or  the  lower   moid  ?  I  a  :  e  .  o  y 

c y l i n d e r s   (no t   shown)  :  and  the  s p r u e   30  is  c o n n e c t e d   to  a 

g a t e   32a  of  a  c a v i t y   32  and  a  g a t e   33a  of  a  cav i   ;  y  33 

t h r o u g h   a  r u n n e r   31  formed  on  j u n c t i o n   s u r f a c e s   of  the  l o w e r  

mold  p l a t e   7  and  the  upper   mold  p l a t e   1 1 .  

A  f i x e d   member  34a  f i x e d   to  the  f i x e d   p l a t e   1  and  a 

mov ing   member  34b  f i x e d   to  the  m o v a b l e   p l a t e   6  t o g e t h e r   make 

a  p o s i t i o n   s e n s o r   34  for  d e t e c t i n g   the  p o s i t i o n   of  t h e  

m o v a b l e   p l a t e   6 .  

More  p a r t i c u l a r l y ,   the  f i x e d   member  34a  and  t h e  

mov ing   member  34b  make,  for  e x a m p l e ,   a  p o t e n t i o m e t e r ,   and  a s  

the  m o v a b l e   p l a t e   6  a s c e n d s   or  d e s c e n d s   the  r e l a t i v e  

d i s t a n c e   of  the  moving  member  34b  from  the  f i x e d   member  3 4 a  
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v a r i e s .   S i n c e   the  p o s i t i o n   of  the  f i x e d   member  34a  i s  

f i x e d ,   the  o u t p u t   of  the  p o s i t i o n   s e n s o r   34  p r i m a r i l y   s h o w s  

the  p o s i t i o n   of  the  m o v a b l e   p l a t e   6 .  

As  t h e ' t o o v a b l e   p l a t e   6  a s c e n d s   or  d e s c e n d s ,   t h e  

u p p e r   d ie   i n s e r t s   16  and  IT  a s c e n d   or  d e s c e n d .   S i n c e   t h e  

v o l u m e s   of  the  c a v i t i e s   32  and  33  a re   d e t e r m i n e d   a c c o r d i n g  

to  the  a s c e n d i n g   and  d e s c e n d i n g   p o s i t i o n s   of  the  uppe r   m o l d  

i n s e r t s   16  and  17,  the  o u t p u t   of  the  p o s i t i o n   s e n s o r   34 

e v e n t u a l l y   i n d i c a t e s   the  'volumes  of  the  c a v i t i e s   32  and  3 3 .  

The  r e f e r e n c e   number  35  d e n o t e s   a  p o s i t i o n   s e n s o r  

for   i n d i c a t i n g   the  p o s i t i o n   of  the  p l u n g e r   29.  Though  t h e  

p o s i t i o n   s e n s o r   35  p r i m a r i l y   i n d i c a t e s   the  p o s i t i o n   of  t h e  

p l u n d e r   23,  the  d i f f e r e n c e   b e t w e e n   the  p r e s e n t   p o s i t i o n   o f  

the  p l u n g e r   d u r i n g   i n j e c t i o n   and-  the  i n i t i a l   p o s i t i o n   P 

c o r r e s p o n d s   to  the  q u a n t i t y   of  i n j e c t e d   r e s i n   on  the  p r e m i s e  

t h a t   the  p l u n g e r   i n i t i a l   p o s i t i o n   P  at  the  t ime  o f  

c o m p l e t i o n   of  the  p r e p a r a t o r y   m e a s u r e m e n t   is  f i x e d .  

A c c o r d i n g l y ,   the  q u a n t i t y   of  i n j e c t e d   r e s i n   can  be  known 

from  the  o u t p u t   of  the  p o s i t i o n   s e n s o r   3 5 .  

Now,  r e f e r e n c i n g   the  above   i n f o r m a t i o n   t h e  

o p e r a t i o n   to  form  a  minus  l e n s   from  a c r y l i c   r e s i n   a c c o r d i n g  

to  the  method   of  the  p r e s e n t   i n v e n t i o n   w i l l   be  d e s c r i b e d .  

F ig .   3  ( f l o w c h a r t )   w i l l   f a c i l i t a t e   u n d e r s t a n d i n g   o f  

the  p r e s e n   t  i nven   t i o n .  

F i r s t ,   a c r y l i c   r e s i n   (raw  m a t e r i a l )   is  h e a t e d   a n d  
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is  in  a  m o l t e n   s t a t e .  

In  a d d i t i o n ,   t e m p e r a t u r e   in  the  c a v i t i e s   32  and  33 

is  a d j u s t e d   to  130  °  C  at  which  a c r y l i c   r e s i n   can  m a i n t a i n  

f low  cond  i  t  i  on  •  u n d e r   normal   p r e s s u r e .  

F u r t h e r ,   a  h y d r a u l i c ' c i r c u i t   c o n n e c t e d   to  a  p o r t  

22a  of  an  a u x i l i a r y   c y l i n d e r   22  is  not  c l o s e d ,   and  t h e  

p i s t o n   23  is  r e a d y   to  be  a s c e n d e d   or  d e s c e n d e d   by  an 

e x t e r n a l   f o r c e .   In  o t h e r   ^ o r i s ,   the  a u x i l i a r y   c y l i n d e r   22 

is  in  the  c o n d i t i o n   t h a t   the  l o w e r i n g   of  the  m o v a b l e   p l a t e   6 

is  not   i n t e r f e r e d   by  t h i s   c y l i n d e r .  

',■»  h  e  n  o i l   is  s u p p l i e d   :  o  a  p o r t   3  a  of  the  mold  c l a m p  

c y l i n d e r   3  a f t e r   the  i n i t i a l   s e t t i n g :   the  p i s t o n   5  a d v a n c e s  

and  lower   the  m o v a b l e   p l a t e   z  . 

As  the  m o v a b l e   p l a t e   5  d e s c e n d s ,   the  uppe r   m o l d  

s u s p e n s i o n   member  10  a l s o   d e s c e n d s ,   and  the  u p p e r   m o i d  

p l a t e   11  a l s o   d e s c e n d s   via  the  b o l t s   12  and  13.  The  u p p e r  

mold  p l a t e   11  and  the  lower  mold  p l a t e   7  a re   j o i n e d   by  t h e  

d e p a r t i n g   f o r c e   of  the  c o m p r e s s i o n   s p r i n g s   14  and  15  c r e a t e d  

b e t w e e n   the  u p p e r   mold  s  'i  s p o n s i o n   member  10  and  the  u p p e r  

mold  p l a t e   1 1 .  

In  a d d i t i o n ,   s i n c e   the  b o t t o m   f a c e   of  the  m o v a b l e  

p l a t e   6  and  the  u p p e r   f l a n g e s   16a  and  17a  of  the  uppe r   m o l d  

i n s e r t s   16  and  17  are   in  c o n t a c t   w i th   each  o t h e r ,   when  t h e  

m o v a b l e   p l a t e   6  d e s c e n d s ,   the  u p p e r   mold  i n s e r t s   16  and  17 

a l s o   d e s c e n d .  
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As  the  u p p e r   mold  i n s e r t s   16  and  IT  d e s c e n d ,  

v o l u m e s   of  the  c a v i t i e s   32  and  33  d e c r e a s e ,   and  e v e n t u a l l y  

the  v o l u m e s   of  the  c a v i t i e s   32  and  33  a r e   r e d u c e d   to  a  v a l u e  

e q u a l   to  150%  of  the  volume  of  the  l e n s   to  be  m o l d e d .   The  

v a l u e   "150%"  is  a  volume  r e q u i r e d   for   not   g e n e r a t i n g   d i v i d e d  

f low  for   a c r y l i c   r e s i n   f l o w i n g   i n t o   the  c a v i t i e s   32  and  3 3 ,  

and  v a r i e s   a c c o r d i n g   to  the  s h a p e s   and  f l u d i t y   of  the  r e s i n .  

I t   is  a l s o   r e q u i r e d "   t h a t   the  v o l u m e s   of  the  c a v i t i e s   32  a n d  

33  can  s t o r e   a c r y l i c   r e s i n   of  q u a n t i t y   g r e a t e r   than  t h a t  

r e q u i r e d   for   m o l d i n g   the  l e n s .  

Volumes  of  c a v i t i e s   32  and  33  v a r y i n g   as  i h e  

m o v a b l e   p l a t e   6  d e s c e n d s   can  be  known,  by  the  p o s i t i o n   s e n s o r  

34.  f*hen  the  o u t p u t   of  the  p o s i t i o n   s e n s o r   34  i n d i c a t e s   t h e  

r e d u c t i o n   of  v o l u m e s   of  the  c a v i t i e s   32  and  33  to  loO:;  o f  

v o l u m e   of  the  l ens   to  be  molded  at  n o r m a l   t e m p e r a t u r e   a n d  

n o r m a l   p r e s s u r e ,   the  a u x i l i a r y   c y l i n d e r   22  o p e r a t e s   to  f i x  

the  v o l u m e s   of  the  c a v i t i e s   32  and  33  in  t h a t   p o s i t i o n .  

More  p a r t i c u l a r l y ,   the  h y d r a u l i c   c i r c u i t   c o n n e c t e d  

to  the  p o r t   22a  of  the  a u x i l i a r y   c y l i n d e r   22  is  s h u t   off   by 

a  s h u t - o f f   v a l v e   or  the  l i k e ,   and  as  a  r e s u l t   the  p o s i t i o n  

of  the  p i s t o n   23  is  f i x e d .   S i n c e   a  p in   26  and  a  s p a c e r   r i n g  

27  a re   m o u n t e d   on  the  top  of  the  cap  25  c o n n e c t e d   to  t h i s  

p i s t o n   23,  f i x i n g   the  p o s i t i o n   of  the  p i s t o n   23  i n t e r f e r e s  

w i t h   l o w e r i n g   of  the  s p a c e r   r i n g   2 7 .  

As  a  r e s u l t ,   s i n c e   the  s p a c e r   r i n g   27  s u p p o r t s   t h e  
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m o v a b l e   p l a t e   6  in  t h a t   p o s i t i o n ,   the  v o l u m e s   of  t h e  

c a v i t i e s   32  and  33  a re   f i x e d .   As  t h i s   t i m e ,   the  p r o p e l l i n g  

f o r c e   of  the  mold  c lamp  c y l i n d e r   3  is  a l s o   c o t r o l l e d   so  a s  

to  f i x   the  v o l u m e s   of  the  c a v i t i e s   32  and  3 3 .  

In  t h i s   m a n n e r ,   when  the  v o l u m e s   of  the  c a v i t i e s   32 

and  33  are   f i x e d   to  a  volume  e q u a l   to  150%  of  the  volume  o f  

the  l ens   to  be  molded   at  normal   t e m p e r a t u r e   and  n o r m a l  

p r e s s u r e ,   p r e p a r a t o r y   m e a s u r i n g   o p e r a t i o n   is  p e r f o r m e d   by 

the  i n j e c t i o n   c y l i n d e r   2 8 .  

F i r s t ,   when  r e s i n   is  l o a d e d   to  the  i n j e c t i o n  

c  v  1  i  a  d  e  r  28  from  a  sc rew  m e c h a n i s m   or  o t h e r   m  e  c  h  a  n  i  s  t,  '".not 

s  h  o  u  a  )  ■_  the  p lunger -   29  r e t r a c t s   w i t h i n   the  i n j e c t i o n  

: ; - ; ; : : e r   23.  The  amount   of  r e t r a c t o r ;   of  the  p l u n g e r   29 

c o r r e s p o n d s   to  the  amount   of  r e i s n   t  l o w i n g   i n t o   t h e  

i n j e c t i o n   c y l i n d e r   28,  and  the  amount   of  r e t r a c t i o n   of  t h e  

p l u n g e r   29  can  be  known  by  the  p o s i t i o n   s e n s o r   3 5 .  

when  the  p l u n g e r   29  is  r e t r a c t e d   to  the  p o s i t i o n   P  ; 

a c r y l i c   r e s i n   of  q u a n t i t y   more  than  r e q u i r e d   for   o b t a i n i n g   a 

m o l d e d   l ens   is  s t o r e d   in  the  i n j e c t i o n   c y l i n d e r   2 8 .  

When  the  o u t p u t   of  the  p o s i t i o n   s e n s o r   35  i n d i c a t e s  

t h a t   the  p l u n g e r   29  has  r e t r a c t e d   to  the  p o s i t i o n   P,  t h e  

p r e p a r a t o r y   m e a s u r i n g   o p e r a t i o n   e n d s ,   and  i n j e c t i o n  

o p e r a t i o n   s t a r t s .  

The  i n j e c t i o n   o p e r a t i o n   of  r e s i n   is  p e r f o r m e d   by 

r a i s i n g   the  p l u n g e r   2 9 .  
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When  the  p l u n g e r   29  a s c e n d s   in  the  i n j e c t i o n  

c y l i n d e r   28  by  means  of  a  h y d r a u l i c   c y l i n d e r   or  the  l i k e  

( n o t   s h o w n ) ,   a c r y l i c   r e s i n   s t o r e d   in  the  i n j e c t i o n   c y l i n d e r  

28  by  the  p r e p a r a t o r y   m e a s u r i n g   o p e r a t i o n   s t a r t s   to  f l o w  

i n t o   the  c a v i t i e s   32  and  33  t h r o u g h   the  r o u t e   of  n o z z l e   2 8 a  

-  s p r u e   30  -  r u n n e r   31  -  g a t e s   32a  and  3 3 a .  

At  t h i s   t ime ,   s i n c e   the  t e m p e r a t u r e   in  the  c a v i t i e s  

32  and  33  is  s e t   to  130  °C  at  which   a c r y l i c   r e s i n   ( m a t e r i a l )  

is  m a i n t a i n e d   in  a  f l o w i n g   s t a t e ,   a c r y l i c   r e s i n   f l o w i n g   i n t o  

the  c a v i t i e s   32  and  33  is  kep t   in  a  f l o w i n g   s t a t e .  

In  a d d i t i o n ,   at  :  h  i  s  t ime ,   the  v o l u m e s   of  t h e  

c a v i t i e s   32  and  33  a re   e x p a n d e d   to  a  v o l u m e   e q u a l   to  150?=  o f  

the  vo lume   of  the  l ens   to  be  molded   at  the  n o r m a l  

t e m p e r a t u r e   and  no rma l   p r e s s u r e ,   i n j e c t e d   r e s i n   f lows  i n t o  

the  c a v i t i e s   32  and  33  w i t h o u t   b e i n g   d i v i d e d .   A c c o r d i n g l y ,  

no  weld  mark'   is  g e n e r a t e d .   At  t h i s   t i m e ,   q u a n t i t i e s   c f  

r e s i n   f l o w i n g   i n t o   the  c a v i t i e s   32  and  33  a re   not  a l w a y s   t h e  

same,   and  more  r e s i n   fiow  i n t o   the  c a v i t y   of  s m a l l e r   f l u i d  

r e s i s t a n c e .  

As  the  i n j e c t i o n   o p e r a t i o n   p r o g r e s s e s ,   the  o u t p u t  

of  the  p o s i t i o n   s e n s o r   35  v a r i e s ,   and  the  q u a n t i t y   of  t h e  

i n j e c t e d   r e s i n   can  be  known  by  the  o u t p u t   of  the  p o s i t i o n  

s e n s o r   3 5 .  

By  the  way,  when  the  v o l u m e s   of  the  c a v i t i e s   32 

and  33  a re   r e d u c e d   a f t e r   t o t a l   q u a n t i t y   of  p r e p a r a t o r i l y  

o 
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m e a s u r e d   r e s i n   (more  than  r e q u i r e d   for   o b t a i n i n g   a  m o l d e d  

a r t i c l e )   is  i n j e c t e d ,   a  l a r g e   a m o u n t   of  b a c k f l o w   of  r e s i n  

from  the  c a v i t i e s   32  and  33  o c c u r s   owing   to  the  m o l d  

c l a m p i n g   a c t i o n ' a n d   p h o t o e l a s t i c   d i s t o r t i o n   o c c u r s   a r o u n d  

the  g a t e s   32a  and  33a  of  the  c a v i t i e s   32  and  3 3 .  

A c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n ,   in  o r d e r   t o  

p r e v e n t   the  g e n e r a t i o n   of  a  l a r g e   a m o u n t   of  b a c k f l o w   at  t h e  

ti:ne  of  moid  d a m p i n g :   a  l a r g e   amoun t   of  o v e r c h a r g e   to  t h e  

c a v i t i e s   32  and  33  is  p r e v e n t e d   by  l o w e r i n g   the  upper   m o l d  

i n s e r t s   15  and  17  b e f o r e   c o m p l e t i o n   of  the  i n j e c t i o n  

o p e r a t i o n   of  r e s i n   and  r e d u c i n g   the  v o l u m e s   of  the  c a v i t i e s  

3  2  an  d  o  o  . 

On  the  o t h e r   hand,  if  the  v o l u m e s   of  the  c a v i t i e s  

3  2  and  33  are   r e d u c e d   in  the  e a r l y   s t a g e   of  the  i n j e c t i o n  

o p e r a t i o n ,   d  i  v  e  d  e  d  flow  of  r e s i n   o c c u r s   in  the  c a v i t i e s   32 

and  33  and  a  weld  l i n e   is  g e n e r a t e d   at  the  j u n c t i o n   of  t h e  

d i v i d e d   f l o w .  

A c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n ,   the  r e d u c t i o n  

o p e r a t i o n   of  the  vo lumes   of  the  c a v i t i e s   32  and  33  is  so  

t imed   t h a t   i t   is  p e r f o r m e d   when  r e s i n   has  f l o w e d   i n t o   t h e  

c a v i t i e s   32  and  33  to  the  e x t e n t   t h a t   a  weld  l i n e   does  n o t  

o c c u r   even  when  the  vo lumes   of  c a v i t i e s   32  and  33  a r e  

r e d u c e d .  

A  p r o p e r   t i m i n g   of  r e d u c i n g   the  v o l u m e s   of  t h e  

c a v i t i e s   32  and  33  v a r i e s   a c c o r d i n g   to  the  c h a r a c t e r   o f  
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r e s i n ,   s h a p e   of  the  c a v i t i e s   32  and  33,  and  so  o n .  

For  e x a m p l e ,   in  the  c a s e   of  f o r m i n g   a  minus   l e n s  

from  a c r y l i c   r e s i n ,   i t   is  d e s i r a b l e   to  s t a r t   r e d u c t i o n  

o p e r a t i o n   of  t h W . c a . v i t y   volume  a f t e r   the  f r o n t   end  of  r e s i n  

f l o w i n g   i n t o   the  c a v i t i e s   32  and  33  p a s s e d   the  p o s i t i o n   o f  

the  o p t i c a l   a x i s   of  the  l ens   ( i . e . ,   a f t e r   the  f r o n t   end  o f  

f l o w i n g   r e s i n   c o m p l e t e l y   p a s s e d   the  n a r r o w e s t   p a r t   of  t h e  

t h i c k n e s s e s   of  the  c a v i t i e s   32  and  3 3 ) .   In  a d d i t i o n ,   f o r  

d e t e r m i n i n g   the  r e d u c t i o n   s t a r t   t i m i n g   of  the  c a v i t y   v o l u m e ,  

d i f f e r e n c e   in  e a s i n e s s   of  f l o w i n g   b e t w e e n   i n t o   the  c a v i t i e s  

32  and  33  must  be  t a k e n   i n to   a c c o u n t .  

In  F i g s .   4  thru   7  ,  a s s u m p t i o n   has  been  made  t h a t  

the  c a v i t y   32  ( r i g h t   s i d e )   is  s m a l l e r   in  f l u i d   r e s i s t a n c e  

than  the  c a v i t y   33  ( l e f t   s i d e )   and  is  e a s i e r   for   r e s i n   to  

f low  i n t o .   The  f i g u r e s   of  p e r c e n t a g e   used   in  t h e s e   f i g u r e s  

d e n o t e   the  r a t i o   of  the  v o l u m e s   of  the  c a v i t i e s   32  and  33  to  

the  vo lume  of  the  l ens   to  be  m o l d e d .  

F i r s t ,   F ig .   4  shows  the  s t a t e   when  the  f r o n t   end  o f  

r e s i n   36  f l o w i n g   i n t o   the  c a v i t y   33,  which   has  g r e a t e r   f l u i d  

r e s i s t a n c e   and  a c c o r d i n g l y   r e s i n   f low  i n t o   which   is  h a r d e r ,  

p a s s e d   the  o p t i c a l   a x i s   p o s i t i o n .  

The  c a v i t y   volume  r e d u c t i o n   o p e r a t i o n   is  s t a r t e d  

a f t e r   the  o u t p u t   of  the  p o s i t i o n   s e n s o r   35  i n d i c a t e s   t h a t  

the  i n j e c t i o n   o p e r a t i o n   has  p r o g r e s s e d   to  the  e x t e n t   t h a t  

r e s i n   of  the  q u a n t i t y   e q u a l   to  90%  of  p r e p a r a t o r i l y   m e a s u r e d  
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r s s i n   is  i n j e c t e d ,   p r o v i d e d   it  has  been  v e r i f i e d   by  t r i a l  

o p e r a t i o n s   t h a t   the  s t a t e   in  the  c a v i t i e s   32  and  33  is  a s  

shown  in  F ig .   4  when  the  i n j e c t i o n   o p e r a t i o n   p r o g r e s s e s   to  

the  e x t e n t   t h a t   - r e s i n   of  the  q u a n t i t y   e q u a i   to  90"  o f  

p r e p a r a t o r i l y   m e a s u r e d   r e s i n   is  i n j e c t e d .   I n j e c t i o n  

o p e r a t i o n   of  r e s i n   36  c o n t i n u e s   w h i l e   t h i s   c a v i t y   v o l u m e  

r e d u c t i o n   o p e r a t i o n   is  be ing   p e r f o r m e d .  

For  the  c a v i t y   volume  r e d u c t i o n ,   f i r s t   t h e  

h y d r a u l i c   c i r c u i t   of  the  po r t   22a  of  the  a u x i l i a r y   c y l i n d e r  

is  o p e n e d .  

■»  hen  the  h y d r a u l i c   c i r c u i t   c o n n e c t e d   to  the  p o r t  

2  2a  is  not  c l o s e d :   the  l o w e r i n g   of  the  s p a c e r   r i n g   2  ;  ,  ?  i  n 

25,  :33e   25-  -and  pis   tor.  ?in  23:  and  m o v a b l e   pi  a te   5  is  n o t  

o b s t r u c t e d .   Though  the  a u x i l i a r y   c y l i n d e r   22  is  n o t  

m e n t i o n e d   in  the  f o l l o w i n g ,   the  h y d r a u l i c   c i r c u i t   or  t h e  

a u x i l i a r y   c y l i n d e r   22  is  opened   at  the  t ime  of  a d v a n c e   o f  

the  moid  c lamp  c y l i n d e r   3,  and  the  h y d r a u l i c   c i r c u i t   of  t h e  

a u x i l i a r y   c y l i n d e r   is  c l o s e d   at  the  t ime  of  f i x i n g   t h e  

c a v i t y   p o s i t i o n .  

As  the  uppe r   mold  i n s e r t s   16  and  17  are   l o w e r e d   by- 

s u p p l y i n g   o i l   to  the  p o r t   3a  of  the  mold  c lamp  c y l i n d e r   3,  

the  v o l u m e s   of  the  c a v i t i e s   32  and  33  a re   r e d u c e d .  

At  t h i s   t ime ,   i n j e c t i o n   p r e s s u r e   of  r e s i n   by  t h e  

p l u n g e r   29  is  l o w e r e d   to  100  k g f / c m " .   The  m e a n i n g   of  t h i s  

i n j e c t i o n   p r e s s u r e   "100  k g f / c m 2 "   w i l l   be  d e s c r i b e d   in  d e t a i  



EP  0  380  688  A1 

21 

la  t e r   . 

By  the  c o n t i n u o u s   s u p p l y   of  r e s i n   from  t h e  

i n j e c t i o n   c y l i n d e r   28  and  r e d u c t i o n   of  v o l u m e s   of  t h e  

c a v i t i e s   32  a n d ' 3 3 ,   r e s i n   36  h a v i n g   f l o w e d   i n t o   the  c a v i t i e s  

f l o w s   d e e p e r   i n t o   the  c a v i t i e s   32  and  3 3 .  

The  i n j e c t i o n   o p e r a t i o n   of  r e s i n   by  the  p l u n g e r   29 

at  the  i n j e c t i o n   p r e s s u r e   100  k g f / c m 2   is  p r e f o r m e d   t o g e t h e r  

w i t h   the  vo lume  r e d u c t i o n   o p e r a t i o n   of  the  c a v i t i e s   32  a n d  

33  by  the  mold  c lamp  c y l i n d e r   3,  and  i t   is  c o n t r o l l e d   so  

t h a t   the  v o l u m e s   of  the  c a v i t i e s   32  and  33  a re   r e d u c e d   to  

110"  of  the  volume  of  ihe  lens   to  be  molded   when  9o1  ox 

p r e p a r a t o r i l y   m e a s u r e d   r e s i n   is  i n j e c t e d .  

The  v a l u s   110%  v a r i e s   a c c o r d i n g   to  the  c h a r a c t e r   o f  

r e s i n   used   and  the  shape   of  the  c a v i t y ,   and  it   is  not  a 

f i x e d   v a l u e .   Now,  the  m e a n i n g   of  110%  and  the  m e a n i n g   o f  

100  k g f / c m 2   ( i n j e c t i o n   p r e s s u r e )   w i l l   be  d e s c r i b e d   in  

d e t a i l .  

Assume  t h a t   the  vo lume  of  the  l e n s   to  be  molded  i s  

100%,  r e t a i n i n g   p r e s s u r e   to  s t a b i l i z e   the  q u a n t i t y   of  r e s i n  

f l o w i n g   b e t w e e n   the  c a v i t i e s   32  and  33  is  30  k g f / c m 2 ,   a n d  

m o l d i n g   s h r i n k a g e   r a t e   of  the  l e n s   due  to  c o o l i n g   from  t h e  

c o n d i t i o n   wi th   t h i s   r e t a i n i n g   p r e s s u r e   a p p l i e d   is  s i ,   t h e n  

when  e n t i r e   i n j e c t i o n   o p e r a t i o n   is  f i n i s h e d   and  the  s p r u e   i s  

s e a l e d   by  the  s p r u e   c u t t e r   37,  the  v o l u m e s   of  the  c a v i t i e s  

32  and  33  need  to  be  105%  of  the  vo lume   of  the  l ens   to  be 
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m o l d e d .   And,  for   e x a m p l e ,   a s s u m e   t h a t   when  95  %  o f  

p r e p a r a t o r i l y   m e a s u r e d   r e s i n   ( F i g .   5)  is  i n j e c t e d ,   t h e  

c a v i t y   32  is  c o m p l e t e l y   f i l l e d ,   then  the  c a v i t y   32  is  in  t h e  

c o n d i t i o n   of  o v e r c h a r g e   by  the  amoun t   c o r r e s p o n d i n g   to  t h e  

v o l u m e   e q u i v a l e n t   to  the  d i f f e r e n c e   (  5  %  )  of  110%  and  105%  o f  

d i f f e r e n c e   (70  k g f / c m 2 )   of  i n j e c t i o n   p r e s s u r e   100  k g f / c m 2  

and  r e t a i n i n g   p r e s s u r e   30  k g f / c m 2 .  

A c c o r d i n g l y ,   when  the  vo lume   of  the  c a v i t y   32  i s  

r e d u c e d   to  a  volume  e q u i v a l e n t   to  105%  of  the  volume  of  t h e  

l ens   to  be  molded   (Volume  wi th   m o l d i n g   s h r i n k a g e   due  to 

c o o l i n g   c o n s i d e r e d ) ,   o v e r c h a r g e d   r e s i n   b  a  c  k  f  1  o  w  s  f  r  o  ii  t h e  

:  a  v  i  t  y  32.  '*  h  e  n  the  amount   of  b  a  c  k  f  1  o  w  e x c e e d s   a  c  e  r  i  a  i  n 

a l l o w a b l e   v a l u e .   ?  n  o  :  o  e  1  a  s  c  i  c  d i s t o r t i o n   o c c u r s   in  t h e  

v i c i n i t y   of  the  g a t e   32a  of  the  c a v i t y   32.  The  v a l u e   110'= 

r e l a t e d   to  a  volume  and  the  v a l u e   100  k  g  f  ,"'  c  m  2  r e l a t e d   to 

p r e s s u r e   de te r -   mined  so  t h a t   the  amoun t   of  the  b a c k f l o w  

o c c u r r i n g   when  the  i n j e c t i o n   p r e s s u r e   is  d e c r e a s e d   to 

r e t a i n i n g   p r e s s u r e   of  30  k g f / c m 2   and  the  vo lume   of  t h e  

c a v i ' t y   32  r e d u c e d   to  a  volume  e q u i v a l e n t   to  105%  of  t h e  

vo lume   of  the  l ens   to  be  molded   does  not  e x c e e d   s a i d  

a l l o w a b l e   v a l u e .  

S i m i l a r l y ,   it  is  s a i d   t h a t   the  v o l u m e s   of  t h e  

c a v i t i e s   32  and  33  are  r e d u c e d   to  a  vo lume  e q u i v a l e n t   to  

110%  of  l e n s e s   to  be  molded  when  95%  of  p r e p a r a t o r i l y  

m e a s u r e d   r e s i n   is  i m j e c t e d .   The  v a l u e   "95%"  is  v a r i a b l e  
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a c c o r d i n g   to  the  c h a r a c t e r   of  r e s i n   used  and  c a v i t y   s h a p e .  

The  m e a n i n g   of  the  v a l u e   95%  w i l l   be  d e s c r i b e d   i n  

more  d e t a i l .  

Due  to.1  the  d i f f e r e n c e   in  the  e a s i n e s s   of  r e s i n   f l o w  

b e t w e e n   the  c a v i t i e s   32  and  33,  when  the  v o l u m e s   of  t h e  

c a v i t i e s   32  and  33  a re   r e d u c e d   to  110%  of  the  vo lume   of  t h e  

l e n s   to  be  m o l d e d ,   the  c a v i t y   33  would  have  an  u n f i l l e d  

p o r t i o n   even  if  the  c a v i t y   32  is  f i l l e d   c a m p l e t e l y .  

At  t h i s   t ime:   s i n c e   the  c a v i t y   32  is  c o m p l e t e l y  

f i l l e d ,   a  l a r g e   i n t e r n a l   p r e s s u r e   is  g e n e r a t e d   in  the  c a v i t y  

32,  and  i t s   f l u i d   r e s i s t a n c e   i n c r e a s e s   a b r u p t l y ,   While  t h e  

f l u i d   r e s i s t a n c e   of  the  c a v i t y   33  h a v i n g   an  u n f i l l e d   p o r t i o n  

has  on ly   a  s m a l l   f l u i d   r e s i s t a n c e .   As  a  r e s u l t ,   a f t e r   t h e  

c a v i t y   32  is  c a m p l e t e l y   f i l l e d ,   a  g r e a t e r   p a r t   of  i n j e c t e d  

r e s i n   f l o w s   i n t o   the  c a v i t y   3 3 . ,  

in  a d d i t i o n ,   in  the  p r o c e s s   of  r e d u c i n g   the  v o l u m e s  

of  the  c a v i t i e s   32  and  33  to  a  vo lume   e q u i v a l e n t   to  10o«  o f  

the  l e n s   to  be  molded  i n c l u d i n g   the  m o l d i n g   s h r i n k a g e ,   r e s i n  

b a c k f l o w e d   from  the  c a v i t y   32  and  r e s i n   i n j e c t e d   from  t h e  

i n j e c t i o n   c y l i n d e r   28  flow  i n t o   the  c a v i t y   33.  As  a  r e s u l t  

of  the  f low  of  r e s i n   i n t o   the  c a v i t y   33  and  the  v o l u m e  

r e d u c t i o n   of  the  c a v i t y   33  i t s e l f ,   u n f i l l e d   p o r t i o n s   in  t h e  

c a v i t y   33  a re   f i l l e d   wi th   r e s i n .  

However ,   when  the  u n f i l l e d   p o r t i o n   r e m a i n i n g   in  t h e  

c a v i t y   33  at  the  time  when  the  vo lume  of  the  c a v i t y   33  i s  

o 
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r e d u c e d   to  a  volume  e q u i v a l e n t   to  110%  of  the  volume  of  t h e  

l e n s   to  be  molded   is  l a r g e r   than  a  c e r t a i n   v a l u e ,   u n f i l l e d  

p o r t i o n   r e m a i n s   in  the  c a v i t y   33  when  the  vo lume   of  t h e  

c a v i t y   33  is  r e d u c e d   to  a  vo lume  e q u i v a l e n t   to  105?=  of  t h e  

v o l u m e   of  the  l ens   to  be  m o l d e d .  

A c c o r d i n g l y ,   when  the  maximum  v a l u e   of  d i f f e r e n c e  

in  e a s i n e s s   of  r e s i n   flow  b e t w e e n   c a v i t i e s   32  and  33  i s  

c o n s i d e r e d :   the  v a l u e   ':  2o%"  is  d e t e r m i n e d   so  as  to  be  in  t h e  

r a n g e   where   the  c a v i t y   32  of  e a sy   r e s i n   flow  is  n o t  

o v e r c h a r g e d   to  c a u s e   p h - o t o e l a s t i c   d i s t o r t i o n :   and  the  c a v i t y  

3  3  o  :  d i f f i c u l t   r e s i n   flow  dose  not  have  u n f i l l e d   p o r t i o n ,   a t  

i  h  e  time  when  the  volume  of  the  c a v i t i e s   is  r e d u c e d   :  o  t h e  

v  o  '.  j  u  e  e q u i v a l e n t   to  103%  of  t h a t   of  the  l ens   to  be  m o l d e d .  

Now.  when  the  p o s i t i o n   s e n s o r   35  d e t e c t s   t h e  

i n j e c t i o n   of  r e s i n   in  the  amoun t   e q u i v a l e n t   to  9  o  ."=  o  ■ 

p r e p a r a t o r i l y   m e a s u r e d   r e s i n ,   the  mold  c lamp  c y l i n d e r   3  i s  

c o n t r o l l e d   so  t h a t   the  vo lumes   of  the  c a v i t i e s   32  and  33 

become  a  vo lume  e q u i v a l e n t   to  110%  of  the  vo lume   of  the  l e n s  

to  be  m o l d e d ,   and  i n j e c t i o n   p r e s s u r e   of  r e s i n   by  the  p l u n g e r  

29  is  l o w e r e d   to  30  k g f / c m 2 .  

A c c o r d i n g l y ,   by  t h i s   i n j e c t i o n   p r e s s u r e   30  k g f / c m 2  

r e s i n   i n j e c t i o n   o p e r a t i o n   f u r t h e r   c o n t i n u e s .  

When  the  amount   of  i n j e c t e d   r e s i n   e x c e e d s   95^  o f  

p r e p a r a t o r i l y   m e a s u r e d   amount   of  r e s i n   and  r e a c h e s   96  1  o f  

the  amount   of  p r e p a r a t o r i l y   m e a s u r e d   amount   of  r e s i n ,   t h e  
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a m o u n t   of  o i l   to  be  s u p p l i e d   to  the  p o r t   3a  of  the  mold  

c l a m p   c y l i n d e r   3  is  f u r t h e r   i n c r e a s e d   and  the  v o l u m e s   of  t h e  

c a v i t i e s   32  and  33  are   r e d u c e d   to  a  vo lume   e q u i v a l e n t   t o  

105%  of  the  volume  of  the  l ens   to  be  m o l d e d .  

As  shown  in  Fig .   6,  in  the  p r o c e s s   in  which  t h e  

v o l u m e s   of  the  c a v i t i e s   32  and  33  a re   r e d u c e d   to  a  v o l u m e  

e q u i v a l e n t   to  105%  of  the  vo lume  of  the  l e n s   to  be  m o l d e d ,  

o v e r c h a r g e d   r e s i n   b a c k f l o w s   from  the  c a v i t y   3 2 .  

At  the  same  t ime,   the  u n f i l l e d   p o r t i o n   w h i c h  

r e m a i n e d   when  the  volume  is  e q u i v a l e n t   to  110%  of  the  v o l u m e  

of  the  l ens   to  be  m  o  I  d  e  d  ■  i  s  f i l l e d   w i th   r e s i n   by  t h e  

r e d u c t i o n   of  volume  of  the  c a v i t y   33  and  w i t h   r e s i n   f l o w i n g  

b  v  b  a  c  k  f  1  o  w  p r e s s u r e   from  the  c a v i t y   32  and  by  the  i n j e c t i o n  

p r e s s u r e   30  k g f / c m 2   from  the  i n j e c t i o n   c y l i n d e r   23.  The 

c a v i t y   33  is  a l s o   f i l l e d   c o m p l e t e l y   when  the  vo lume  of  t h e  

c a v i t i e s   32  and  33  r e a c h e s   105%  of  the  vo lume   of  the  l ens   t o  

be  m o l d e d .  

The  i n j e c t i o n   p r e s s u r e   30  k g f / c m 2   is  t h e  

a f o r e m e n t i o n e d   r e t a i n i n g   p r e s s u r e ,   t h i s   r e t a i n i n g   p r e s s u r e  

does   not   o b s t r u c t   b a c k f l o w   from  o v e r c h a r g e d   c a v i t y   32,  a n d  

i t   is  a  p r e s s u r e   which  can  u rge   r e s i n   f low  to  the  c a v i t y   33 

in  wh ich   u n f i l l e d   p o r t i o n   r e m a i n s .   I t   v a r i e s   a c c o r d i n g   t o  

the  s h a p e s   of  the  c a v i t i e s   32  and  33  and  the  c h a r a c t e r   o f  

r e s   i  n  . 

Now,  at  the  time  when  the  vo lume   of  the  c a v i t i e s  

v 
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32  and  33  are   r e d u c e d   to  a  volume  e q u i v a l e n t   to  105%  of  t h e  

v o l u m e   of  the  l ens   to  be  mo lded ,   bo th   the  c a v i t i e s   32  and  33 

a re   f i l l e d   wi th   r e s i n   cample   t  e  I  y  ,  and  it   is  p o s s i b l e   t h a t   a 

g r e a t e r   p r e s s u r e   than  the  i n j e c t i o n   p r e s s u r e   30  k g f / c m 2   i s  

g e n e r a t e d   in  the  c a v i t i e s   32  and  33  by  f i l l i n g   of  r e s i n .  

When  t h i s   c o n d i t i o n   c o n t i n u e d   for   a  c e r t a i n   p e r i o d  

of  t ime  ( t h i s   t ime  v a r i e s   a c c o r d i n g   to  the  f l u i d i t y   of  r e s i n  

and  the  s h a p e   of  the  c a v i t y   but  n o r m a l l y   s e v e r a l   s e c o n d s ) ^  

i n t e r n a l   p r e s s u r e s   of  the  c a v i t i e s   32  and  33  are   b a l a n c e d .  

A f t e r   the  l a p s e   of  t ime  r e q u i r e d   for   the  b a l a n c i n g  

of  the  i n t e r n a l   p r e s s u r e s   (or  when  the  i n t e r n a l   p r e s s u r e s   o f  

the  c a v i t i e s   32  and  33  are  d i r e c t l y   d e t e c t e d   and  b o t h  

v a l u e s   d e t e c t e d   are   in  b a l a n c e   wi th   r e t a i n i n g   p r e s s u r e   or  

30  k g f / c m - , )   che  s p r u e   c u t l e r   37  is  c a u s e d   to  e n t e r   the  s p r u e  

30,  and  the  r e s i n   i n j e c t i o n   o p e r a t i o n   is  b r o u g h t   to  e n d .  

A f t e r   the  c o m p l e t i o n   of  the  i n j e c t i o n   o p e r a t i o n ,  

the  s t a m p i n g   p r o c e s s   s t a r t s .  

F i r s t ,   t e m p e r a t u r e   in  the  c a v i t i e s   32  and  33  is  s e t  

to  130  °  C  t h r o u g h o u t   the  p r o c e s s   of  the  i n j e c t i o n   o p e r a t i o n .  

At  the  t e m p e r a t u r e   of  130  °  C  ,  r e s i n   is  k e p t   in  a  flow  s t a t e .  

A c c o r d i n g l y ,   though   i n j e c t e d   r e s i n   is  c o o l e d   t o  

130  °C  ( t e m p e r a t u r e   of  m o l d i n g   a p p a r a t u s )   t h r o u g h   the  h e a t  

e x c h a n g e   wi th   the  m o l d i n g   a p p a r a t u s ,   the  r e s i n   in  t h e  

c a v i t i e s   32  and  33  m a i n t a i n s   the  flow  c o n d i t i o n   and  in  t h e  

c o n d i t i o n   w h e r e i n   the  p r e s s u r e   is  u n i f o r m l y   a p p l i e d .  
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T h e r e f o r e ,   when  a  p r e s s u r e   of  1013  k g f / c m 2   i s  

a p p l i e d   to  the  r e s i n   in  the  c a v i t i e s   32  and  33  by  s u p p l y i n g  

o i l   to  the  p o r t   3a  of  the  mold  c lamp  c y l i n d e r   3,  t h i s  

p r e s s u r e   is  a p p l - i e d   to  the  r e s i n   in  the  c a v i t i e s   32  and  33 

u n i f o r m l y .  

As  m e n t i o n e d   a l r e a d y ,   t h e r m o p l a s t i c   r e s i n   i s  

c h a r a c t e r i s t i c   in  t h a t   i t s   d y n a m i c   modu lus ,   of  e l a s t i c i t y  

i n c r e a s e s   and  the  r e s i n   is  h a r d e n e d   as  the  r e s i n   is  c o o l e d ,  

and  the  d y n a m i c   m o d u l u s   of  e l a s t i c i t y   a l s o   i n c r e a s e s   and  t h e  

r e s i n   is  h a r d e n e d   when  a  p r e s s u r e   is  a p p l i e d .  

The  a b o v e - m e n t i o n e d   1013  k g f / c m 2   is  a  p r e s s u r e  

wh ich   can  p r o v i d e   d y n a m i c   m o d u l u s   of  e l a s t i c i t y   of  the  r e s i n  

at  n o r m a l   t e m p e r a t u r e   and  normal   p r e s s u r e   ( n a t u r a l l y   t h e  

d y n a m i c   m o d u l u s   of  e l a s t i c i t y   e x c e e d i n g   t h a t   of  g l a s s  

t r a n s i t i o n   p o i n t   of  a c r y l i c   r e s i n )   even  when  a c r y l i c   r e s i n  

( m a t e r i a l )   is  at  a  t e m p e r a t u r e   as  h igh   as  130  °C.   The 

v a l u e   of  t h i s   p r e s s u r e   is  e s t a b l i s h e d   a c c o r d i n g   to  the  k i n d  

and  t e m p e r a t u r e   of  the  r e s i n .  

When  r e s i n   which  is  in  a  f low  s t a t e   u n d e r   n o r m a l  

p r e s s u r e   is  h a r d e n e d   by  p r e s s u r i z i n g   to  the  p r e s s u r e   w h i c h  

g i v e s   d y n a m i c   m o d u l u s   of  e l a s t i c i t y   e q u a l   to  t h a t   of  t h e  

r e s i n   at  a  n o r m a l   t e m p e r a t u r e   and  u n d e r   n o r m a l   p r e s s u r e ,  

m o l d e d   a r t i c l e s   a re   e x c e l l e n t   in  c o m p o s i t i o n a l   h o m o g e n e i t y  

b e c a u s e   t e m p e r a t u r e   d i f f e r e n c e   does   not   o c c u r   when  che  r e s i n  

in  p r o c e s s   of  h a r d e n i n g   p a s s e s   t h r o u g h   the  g l a s s   t r a n s i t i o n  
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t e m p e r a t u r e .  

The  r e s i n   h a r d e n e d   by  pr  es  sur   i  za  t  i  on  is  c o o l e d   i n  

the  mold .   By  c o n t r o l l i n g   the  p r e s s u r e   of  the  mold  c l a m p  

c y l i n d e r   3a  as  the  r e s i n   is  c o o l e d ,   the  r e s i n   is  c o o l e d   to  

i h i c h   is  a  t a k e - o u t   t e r a e r a t u r e ,   w h i l e   m a i n t a i n i n g  n  r  o o D l ,   which   is  a  t a K e - o u i   i e m e r a i u r t : :   m i i i c   m a i u i . a i u j . u o  

d y n a m i c   m o d u l u s   of  e l a s t i c i t y   to  t h a t   of  the  r e s i n   at  n o m a l  

t e m p e r a t u r e   and  u n d e r   normal   p r e s s u r e .  

P r e s s u r e   c o n t r o l   d u r i n g   t h i s   p r o c e s s   is  p e r f o r m e d  

in  the  manner   as  shown  b e l o w .  

F i r s t ,   the  p r e s s u r e   which   g i v e s   d y n a m i c   modulus   o f  

e l a s t i c i t y   e q u a l   to  t h a t   of  r e s i n   at  a  no rma l   t e m p e r a t u r e  

and  no rmal   p r e s s u r e   is  d e t e r m i n e d   p r i m a r i l y   by  t h e  

t e m p e r a t u r e   of  the  r e s i n   :  and  as  the  r e s i n   t e m p e r a t u r e  

d e c r e a s e s ,   the  p r e s s u r e   which  g i v e s   m o d u l u s   ot  e l a s t i c i t y  

e q u a l   to  t h a t   at  a  normal   t e m p e r a t u r e   and  u n d e r   n o r m a l  

p r e s s u r e   d e c r e a s e s .   T h e r e f o r e ,   in  t h i s   e m b o d i m e n t ,   t h e  

p r e s s u r e   a p p l i e d   to  the  r e s i n   by  the  mold  c lamp  c y l i n d e r   3a 

is  r e d u c e d   as  the  r e s i n   t e m p e r a t u r e   is  d e c r e a s e d   to  t h e  

p r e s s u r e   so  t h a t   c o n s t a n t   m o d u l u s   of  e l a s t i c i t y   i s  

o b t a i n d e d .   In  o t h e r   words ,   in  t h i s   e m b o d i m e n t ,   the  p r e s s u r e  

a p p l i e d   to  the  r e s i n   by  the  mold  c lamp  c y l i n d e r   3a  i s  

d e c r e a s e d   so  as  to  c a n c e l   out  the  i n c r e a s e   of  d y n a m i c  

m o d u l u s   of  e l a s t i c i t y   of  r e s i n   as  the  r e s i n   is  c o o l e d .  

When  the  r e s i n   is  c o o l e d   to  95  °C  ( t a k e - o u t  

t e m p e r a t u r e ) ,   the  m o v a b l e   p l a t e   6  is  r a i s e d   by  s u p p l y i n g   o i l  
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to  the  p o r t   3b  of  the  mold  c lamp  c y l i n d e r   3,  and  the  l ens   i s  

t a k e n   out   by  o p e n i n g   the  j u n c t i o n   of  the  l ower   mold  p l a t e   7 

and  the  u p p e r   mold  p l a t e   1 0 .  

Minus  i - enses   of  a v e r a g e   mass  1 8 . 4 3 0   g  and  d i a m e t e r  

70  mm  were  molded   from  a c y r l i c   r e s i n   by  the  me thod   a c c o r d i n g  

to  the  p r e s e n t   i n v e n t i o n ,   and  a  c o m p a r i s o n   w i t h   s i m i l a r  

l e n s e s   mo lded   a c c o r d i n g   to  the  c o n v e n t i o n a l   me thod   was  m a d e .  

The  r e s u l   t  is  as  f  ol  lows  : 

(]_)  D i f f e r e n c e   in  c h a r g e   q u a n t i t y   b e t w e e n   c a v i t i e s  

( l e f t   and  r i g h t )   when  two  c a v i t i e s   were  p r o v i d e d   in  the  m o l d  

a p p a r a   tus  . 

A v e r a g e   d i f f e r e n c e   was  4.9%  in  the  c a s e   o f  

c o n v e n t i o n a l   method  w h i l e   it  was  0 . 5 "   in  the  c a s e   of  t h e  

m e t h o d   a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n .  

(2)  P h o t o e l a s t i c   d i s t o r t i o n  

D o u b l e   r e f r a c t i o n   which   is  a  r e s u l t   of  p h o t o e l a s t i c  

d i s t o r t i o n   was  c o m p a r e d .   The  d o u b l e   r e f r a c t i o n   of  l e n s e s   in  

a c c o r d a n c e   wi th   the  c a n v e n t i o n a l   m e t h o d   was  200  nm/cm,  

w h e r e a s   t h a t   of  l e n s e s   in  a c c o r d a n c e   w i th   the  p r e s e n t  

i n v e n t i o n   was  20  n m / c m .  

(3)  Flow  mark  g e n e r a t i o n  

Flow  mark  g e n e r a t i o n   fo r   e n t i r e   m o l d i n g s   was  3 . 0 %  

in  the  c o n v e n t i o n a l   me thod ,   w h i l e   i t   was  1.0%  in  the  m o l d i n g  

m e t h o d   of  the  p r e s e n t   i n v e n t i o n .  

As  shown  a b o v e ,   the  m o l d i n g   method   of  the  p r e s e n t  
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i n v e n t i o n   can  s u f f i c i e n t l y   be  e m p l o y e d   in  the  m o l d i n g   o f  

p r o d u c t s   whose  p r e c i s i o n   and  s t a b l e   m o l d i n g   is  c o n s i d e r e d  

d i f f i c u l t ,   such  as  n o n s p h e r i c a l   o p t i c a l   l e n s .  

The  e s s e n c e   of  t h i s   i n v e n t i o n   i s  

to  p r e v e n t   g e n e r a t i o n   of  weld  mark  due  to  f low  r e s i s t a n c e   by 

i n j e c t i n g   r e s i n   i n t o   the  c a v i t y   which   is  e x p a n d e d   to  a 

vo lume   more  than  the  volume  o b t a i n e d   by  a d d i n g   a  volume  o f  

an  a r t i c l e   to  be  molded  and  m o l d i n g   s h r i n k a g e   r e s u l t e d   f r o m  

the  c o o l i n g   of  the  r e s i n   and  a  vo lume   s u f f i c i e n t   f o r  

p r e v e n t i n g   d i v i d e d   flow  of  r e s i n   and  is  se t   to  a  t e m p e r a t u r e  

h i g h e r   than  r e q u i r e d   f  :  r  m a i n t a i n i n g   3  f  1  o  *  s t a t e   o  r  t  '?.  e 

r e s i n :  

to  p r e v e n t   i m b a l a n c e   of  q u a n t i t y   or  r e s i n   Mowed  i n t o  

d i f f e r e n t   c a v i t i e s   by  r e d u c i n g   the  vo lume  of  the  c a v i t i e s  

b e f o r e   the  t o t a l   q u a n t i t y   of  p r e p a r a t o r i l y   m e a s u r e d   r e s i n   i s  

i n j e c t e d ,  

to  p r e v e n t   g e n e r a t i o n   of  p h o t o e l a s t i c   d i s t o r t i o n   and  a  Mow 

mark  by  p r e v e n t i n g   s t o p   of  r e s i n   f low  in  the  c a v i t i e s   by 

c o n t r o l l i n g   the  i n j e c t i o n   p r e s s u r e ,   i n j e c t i o n   q u a n t i t y ,   a n d  

c a v i t y   vo lume   in  the  r e d u c t i o n   p r o c e s s   of  c a v i t y   v o l u m e ;   a n d  

to  m a i n t a i n   c o m p o s i t i o n a l   h o m o g e n e i t y   of  the  molded  a r t i c l e  

and  p r e v e n t   p l a s t i c   d e f o r m a t i o n   by  r e d u c i n g   the  t e m p e r a t u r e  

d i f f e r e n c e   when  the  r e s i n   p a s s e s   the  g l a s s   t r a n s i t i o n   p o i n t  

by  h a r d e n i n g   the  r e s i n   in  a  f low  s t a t e   a f t e r   c o m p l e t i o n   o f  

i n j e c t i o n   by  on ly   a p p l y i n g   p r e s s u r e   which   g i v e s   d y n a m i c  
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m o d u l u s   of  e l a s t i c i t y   e q u a l   to  t h a t   of  r e s i n   at  a  n o r m a l  

t e m p e r a t u r e   and  u n d e r   normal   p r e s s u r e .   It  goes   w i t h o u t  

s a y i n g   t h a t   v a r i o u s   n u m e r i c a l   c o n d i t i o n s   must   be  d e t e r m i n e d  

p r o p e r l y   d e p e n d i n g   on  the  k ind  of  r e s i n ,   s h a p e   of  a r t i c l e s :  

and  o  t h e r   f  ac  t o r s   . 

A l t h o u g h   an  e m b o d i m e n t   w i t h   r e g a r d   to  m o l d i n g   m i n u s  

l e n s e s   from  a c r y l i c   r e s i n   has  been  d e s c r i b e d ,   i t   is  a p p a r e n t  

t h a t   the  me thod   of  p r e s e n t   i n v e n t i o n   is  a p p l i c a b l e   not  o n l y  

to  p l u s   l e n s e s ,   but  a l s o   to  o t h e r   mo lded   a r t i c l e s   t h a n  

l e n s e s   . 

A c c o r d i n g   to  the  so  f a r   d e s c r i b e d   p r e s e n t  

i n v e n t i o n ,   the  c a v i t y   volume  is  e x p a n d e d   to  a  volume  c a p a b l e  

of  p r e v e n c i n g   d i v i d e d   flow  of  r e s i n   d u r i n g   the  p e r i o d   f r o m  

the  s t a r t   of  i n j e c t i o n   at  l e a s t   to  the  t ime  when  the  f r o n t  

end  of  r e s i n   f l o w i n g   in to   the  c a v i t y   p a s s e s   the  n a r r o w e s t  

p o r t i o n   of  the  c a v i t y   t h i c k n e s s ,   and  the  c a v i t y   t e m p e r a t u r e  

is  s e t   at  a  l e v e l   h i g h e r   than  the  t e m p e r a t u r e   at  which  t h e  

r e s i n   can  m a i n t a i n   the  flow  s t a t e   d u r i n g   the  p e r i o d   from  t h e  

s t a r t   of  i n j e c t i o n   to  the  c o m p l e t i o n   of  i n j e c t i o n .  

T h e r e f o r e ,   g e n e r a t i o n   of  weld  mark  can  be  p r e v e n t e d .  

In  a d d i t i o n ,   a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n ,  

the  c a v i t y   vo lume  r e d u c t i o n   o p e r a t i o n   is  s t a r t e d   a f t e r   t h e  

i n j e c t i o n   p r o c e s s   has  been  a d v a n c e d   to  the  e x t e n t   to  p r e v e n t  

g e n e r a t i o n   of  weld  marks  and  b e f o r e   the  t o t a l   q u a n t i t y   o f  

the  p r e p a r a t o r i l y   m e a s u r e d   r e s i n   is  i n j e c t e d .   And  t h e  
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i n j e c t i o n   p r e s s u r e   and  i n j e c t i o n   q u a n t i t y   a re   c o n t r o l l e d   so  

t h a t   u n f i l l e d   p o r t i o n   does  not  r e m a i n   in  the  c a v i t y   a n d  

e x c e s s i v e l y   l a r g e   o v e r c h a r g e   does  not  o c c u r   w h i l e   the  c a v i t y -  

is  r e d u c e d   to  a.  volume  i n c l u d i n g   the  amount   of  s h r i n k a g e   f o r  

the  o b j e c t   v o l u m e ,   i . e . ,   the  vo lume   of  the  p r o d u c t .   In  t h i s  

m a n n e r ,   i m b a l a n c e   in  the  q u a n t i t y   of  r e s i n   i n j e c t e d   among  a 

p l u r a l i t y   of  c a v i t i e s   can  be  p r e v e n t e d .  

In  a d d i t i o n ,   a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n ,  

s i n c e   r e s i n   b e i n g   i n j e c t e d   is  in  a  flow  s t a t e   and  r e s i n   f l o w  

does   not  s t o p   u n t i l   r e s i n   of  d e s i r e d   amount   is  i n j e c t e d ,  

g e n e r a t i o n   of  p h o t o e l a s t i c   d i s t o r t i o n   and  a  flow  mark  c a u s e d  

by  r e s i n   f low  s t o p   can  be  p r e v e n t e d .  

In  a d d i t i o n ,   a c c o r d i n g   to  the  p r e s e n t   i n v e n c i o n .  

h e t e r o g e n e i t y   of  i n t e r n a l   p l a s c i c s   does   not  o c c u r ,   b e c a u s e  

the  r e s i n   is  at  a  t e m p e r a t u r e   c a p a b l e   of  m a i n t a i n i n g   t h e  

f low  s t a t e   at  the  time  of  c o m p l e t i o n   of  the  i n j e c t i o n  

o p e r a t i o n ,   and  the  r e s i n   is  h a r d e n e d   by  p r e s s u r i n g   a n d  

t h e r e f o r e   t e m p e r a t u r e   d i f f e r e n c e   dose  not  o c c u r   when  i t  

p a s s e s   the  g l a s s   t r a n s i t i o n   p o i n t   in  the  p r o c e s s   t h a t   t h e  

r e s i n   goes  from  the  flow  s t a t e   to  s o l i d   s t a t e   and  i s  

h a r d e n e d .   In  a d d i t i o n ,   by  l o w e r i n g   the  p r e s s u r e   so  as  t o  

c a n c e l   out   the  i n c r e a s e   of  d y n a m i c   m o d u l u s   of  e l a s t i c i t y   d u e  

to  c o o l i n g   in  the  l a t e r   c o o l i n g   p r o c e s s   the  d y n a m i c   m o d u l u s  

of  e l a s t i c i t y   of  r e s i n   b e i n g   c o o l e d   is  m a i n t a i n e d   at  t h e  

d y n a m i c   m o d u l u s   of  e l a s t i c i t y   of  the  r e s i n   at  n o r m a l  
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t e m p e r a t u r e   and  no rma l   p r e s s u r e ,   p l a s t i c   d e f o r m a t i o n   in  t h e  

r e s i n   can  be  p r e v e n t e d .   A c c o r d i n g l y ,   the  g e n e r a t i o n   o f  

p h o t o e l a s t i c   d i s t o r t i o n   c a u s e d   by  p l a s t i c   d e f o r m a t i o n   a n d  

h e t e r o g e n e i t y   in-  the  r e s i n   can  be  p r e v e n t e d .  
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C L A I M S  

(1)  An  i n j e c t i o n   m o l d i n g   me thod   wi th   s t a m p i n g  

c o m p r e s s i o n   w h e r e i n   a l a s   t i c i z e d   and  m e a s u r e d   t h e r m o p l a s t i c  

r e s i n   is  i n j e c t e d   to  a  c a v i t y   t h r o u g h   a  s p r u e   p a r t ,   r u n n e r  

p a r t ,   and  g a t e   p a r t ,   and  c o o l e d   wi th   a  mold  c l a m p i n g   f o r c e  

a p p l i e d   to  m a n u f a c t u r e   a  l e n s :   c o m p r i s i n g :  

p r e p a r a t o r i l y   m e a s u r i n g   a  q u a n t i t y   of  m o l t e n  

t h e r m o p l a s t i c   r e s i n   r e q u i r e d   for   o b t a i n i n g   a  lens   to  be 

m o l d e d   or  more  and  i n j e c t i n g   i n t o   a  c a v i t y   h a v i n g   a  v o l u m e  

b e i n g   e x p a n d e d   p r e p a r a t o r i l y   to  a  vo lume  l a r g e r   than  the  s u a  

o  :  the  volume  of  the  lens  to  be  v o i d e d   and  a  volume  o f  

m o l d i n g   s h r i n k a g e   due  to  the  c o o l i n g   of  s a i d   t  h  e  r  -  o  ?  i  3  s  :  ;  •; 

r e s i n   and  b e i n g   e x p a n d e d   p r e p a r a t o r i l y   to  a  s u f f i c i e n t  

vo lume   or  more  for  p r e v e n t i n g   d i v i d e d   flow  of  f l o w i n g   r e s i n  

w i th   i t s   t e m p e r a t u r e   b e i n g   s e t   at  a  l e v e l   e q u a l   to  or  h i g h e r  

than  a  t e m p e r a t u r e   c a p a b l e   of  m a i n t a i n i n g   i n j e c t e d   r e s i n   in 

a  f l o w i n g   s t a t e :  

r e d u c i n g   the  volume  of  s a i d   c a v i t y   to  a  v o l u m e  

e q u a l   to  the  sum  of  the  volume  of  the  l ens   to  be  molded  a n d  

a  vo lume   of  m o l d i n g   s h r i n k a g e   due  to  the  c o o l i n g   of  t h e  

t h e r m o p l a s t i c   r e s i n   a f t e r   the  i n j e c t i o n   p r o c e e d e d   to  a 

s u f f i c i e n t   q u a n t i t y   for  the  f r o n t   end  p o s i t i o n   of  t h e  

t h e r m o p l a s t i c   r e s i n   i n j e c t e d   to  the  c a v i t y   to  pass   t h e  

p o r t i o n   of  an  o p t i c a l   a x i s   of  the  l ens   to  be  molded  b u t  
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b e f o r e   the  t o t a l   q u a n t i t y   of  the  p r e p a r a t o r i l y   m e a s u r e d  

t h e r m o p l a s t i c   r e s i n   is  i n j e c t e d ,   r e d u c i n g   the  i n j e c t i o n  

p r e s s u r e   to  a  r e t a i n i n g   p r e s s u r e   not   o b s t r u c t i n g   b a c k f l o w   o f  

s a i d   t h e r m o p l a s t i c   r e s i n   due  to  the  r e d u c t i o n   of  the  s a i d  

c a v i t y   h a v i n g   the  p o s s i b i l i t y   of  b e i n g   o v e r c h a r g e d   a n d  

a l l o w i n g   the  flow  - in   of  s a i d   t h e r m o p l a s t i c   r e s i n   to  a  c a v i t y  

h a v i n g   the  p o s s i b i l i t y   of  l e a v i n g   u n f i l l e d   p o r t i o n s ,   a n d  

c o n t r o l l i n g   the  r e d u c t i o n   s p e e d   of  the  vo lume   of  t  h-e  c a v i t y  

and  the  i n j e c t i o n   speed   of  the  t h e r m o p l a s t i c   r e s i a   so  t h a t  

t h e r e   is  no  u n f i l l e d   p o r t i o n   in  the  c a v i t y   when  the  v o l u m e  

of  the  c a v i t y   is  r e d u c e d   to  a  vo lume   e q u a l   to  the  sum  of  t h e  

vo lume   of  the  l ens   to  be  molded   and  the  vo lume   of  t h e  

m o l d i n g   s h r i n k a g e   due  to  the  c o o l i n g   of  the  t h e r m o p l a s t i c  

r e s i n :  

s e a l i n g   a  s p r u e   p a r t   when  the  b e h a v i o r   of  the  r e s i n  

Ln  the  c a v i t y   is  s t a b i l i z e d :  

a n d  

c o o l i n g   the  r e s i n   i n j e c t e d   i n t o   the  c a v i t y   u n t i l  

the  r e s i n   is  c o o l e d   to  a  t a k e - o u t   t e m p e r a t u r e   w h i l e   a p p l y i n g  

p r e s s u r e   and  h a r d e n i n g   the  r e s i n .  

(2)  An  i n j e c t i o n   m o l d i n g   me thod   w i t h   s t a m p i n g  

c o m p r e s s i o n   a c c o r d i n g   to  Cla im  1  w h e r e i n   p l a s t i c i z e d   a n d  

m e a s u r e d   t h e r m o p l a s t i c   r e s i n   is  i n j e c t e d   to  a  p l u r a l i t y   o f  

c a v i t i e s   fo rmed   in  a  s i n g l e   mold  a p p a r a t u s   t h r o u g h   a  s p r u e  

p a r t ,   r u n n e r   p a r t ,   and  g a t e   p a r t .  
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(3i  An  i n j e c t i o n   m o l d i n g   method   w i th   s t a m p i n g  

c o m p r e s s i o n   w h e r e i n   p l a s ' t i c i z e d   and  m e a s u r e d   t h e r m o p l a s t i c  

r e s i n   is  i n j e c t e d   to  a  c a v i t y   t h r o u g h   a  s p r u e   p a r t ,   r u n n e r  

p a r t ,   and  g a t e   p a r t ,   and  c o o l e d   wi th   a  mold  c l a m p i n g   f o r c e  

a p p l i e d   to  m a n u f a c t u r e   a  l e n s ,   c o m p r i s i n g :  

p r e p a r a t o r i l y   m e a s u r i n g   a  q u a n t i t y   of  m o l t e n  

t h e r m o p l a s t i c   r e s i n   r e q u i r e d   for   o b t a i n i n g   a  l ens   to  be 

molded   or  more  and  i n j e c t i n g   i n t o   a  c a v i t y   h a v i n g   a  v o l u m e  

b e i n g   e x p a n d e d   p r e p a r a t o r i l y   to  a  volume  l a r g e r   than  the  s  u  m 

of  the  vo lume  of  the  lens  to  be  molded   and  a  volume  o f  

m o l d i n g   s h r i n k a g e   due  to  the  c o o l i n g   of  s a i d   t  h  e  m  o  p  '.  a  s  t  i  ■; 

r e s i n   and  b e i n g   e x p a n d e d   p r e p a r a t o r i l y   zo  a  s  u  :  £  i  c  l  e  n  t 

v  o  I  u  m  e  or  more  for  ?  r  e  v  e  r.  t  i  r.  g  d  i  v  1  d  e  d  flow  or  r i o t i n g   r  e  3  :  n 

w i th   i t s   t e m p e r a t u r e   be ing   se t   at  a  l e v e l   e q u a l   to  or  h i g h e r  

than  a  t e m p e r a t u r e   c a p a b l e   of  m a i n t a i n i n g   i n j e c t e d   r e s i n   In 

a  f l o w i n g   s t a t e :  

r e d u c i n g   the  volume  of  s a i d   c a v i t y   to  a  v o l u m e  

e q u a l   to  the  sum  of  the  volume  of  the  l ens   to  be  molded  a n d  

a  vo lume  of  m o l d i n g   s h r i n k a g e   due  to  the  c o o l i n g   of  t h e  

t h e r m o p l a s t i c   r e s i n   a f t e r   the  i n j e c t i o n   p r o c e e d e d   to  a 

s u f f i c i e n t   q u a n t i t y   for  the  f r o n t   end  p o s i t i o n   of  t h e  

t h e r m o p l a s t i c   r e s i n   i n j e c t e d   to  the  c a v i t y   to  pass   t h e  

p o r t i o n   of  an  o p t i c a l   ax i s   of  the  l ens   to  be  molded  b u t  

b e f o r e   the  t o t a l   q u a n t i t y   of  the  p r e p a r a t o r i l y   m e a s u r e d  

therm  o o l a s t i c   r e s i n   is  i n j e c t e d ,   r e d u c i n g   the  i n j e c t i o n  
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p r e s s u r e   to  a  r e t a i n i n g   p r e s s u r e   not   o b s t r u c t i n g   b a c k f l o w   o f  

s a i d   t h e r m o p l a s t i c   r e s i n   due  to  the  r e d u c t i o n   of  the  s a i d  

c a v i t y   h a v i n g   the  p o s s i b i l i t y   of  b e i n g   o v e r c h a r g e d   a n d  

a l l o w i n g   the  f l . o w - i n   of  s a i d   t h e r m o p l a s t i c   r e s i n   to  a  c a v i t y  

h a v i n g   the  p o s s i b i l i t y   of  l e a v i n g   u n f i l l e d   p o r t i o n s ,   a n d  

c o n t r o l l i n g   the  r e d u c t i o n   s p e e d   of  the  v o l u m e   of  the  c a v i t y  

and  the  i n j e c t i o n   speed   of  the  t h e r m o p l a s t i c   r e s i n   s o t h a t  

t h e r e   is  no  u n f i l l e d   p o r t i o n   in  the  c a v i t y   when  the  v o l u m e  

of  the  c a v i t y   is  r e d u c e d   to  a  vo lume   e q u a l   to  the  sun  of  t h e  

v o l u m e   of  the  l ens   to  be  molded   and  the  vo lume   of  t h e  

m o l d i n g   s h r i n k a g e   due  to  the  c o o l i n g   of  the  t h e r m o p l a s t i c  

res   i  n  : 

s e a l i n g   a  s p r u e   pa re   when  the  b e h a v i o r   of  the  r e s i n  

in  the  c a v i t y   is  s t a b i l i z e d :  

h a r d e n i n g   the  r e s i n   i n j e c t e d   i  n  t  o  the  c a v i t y   by 

a p p l y i n g   a  p r e s s u r e   t h a t   g i v e s   d y n a m i c   m o d u l u s   of  e l a s t i c i t y  

of  the  r e s i n   at  the  normal   t e m p e r a t u r e   and  n o r m a l   p r e s s u r e :  

a n d  

c o o l i n g   the  r e s i n   h a r d e n e d   by  p r e s s u r e   a n d  

c o n t i n u i n g   t h i s   c o o l i n g   p r o c e s s   u n t i l   the  r e s i n   is  c o o l e d   t o  

a  t a k e - o u t   t e m p e r a t u r e   w h i l e   r e d u c i n g   the  p r e s s u r e   so  as  to  

c a n c e l   out   the  r i s e   of  the  d y n a m i c   m o d u l u s   of  e l a s t i c i t y   d u e  

to  coo l   i n g .  

(4)  ftn  i n j e c t i o n   m o l d i n g   me thod   w i th   s t a m p i n g  

c o m p r e s s i o n   a c c o r d i n g   to  Cla im  3  w h e r e i n   p l a s t i c i z e d   a n d  
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m e a s u r e d   t h e r m o p l a s t i c   r e s i n   is  i n j e c t e d   to  a  p l u r a l i t y   o f  

c a v i t i e s   f o rmed   in  a  s i n g l e   mold  a p p a r a t u s   t h r o u g h   a  s p r u e  

p a r t ,   r u n n e r   p a r t ,   and  ga t e   p a r t .  

(5)  An  i n j e c t i o n   m o l d i n g   method   wi th   s t a m p i n g  

c o m p r e s s i o n   w h e r e i n   p l a s t i c i z e d   and  m e a s u r e d   t h e r m o p l a s t i c  

r e s i n   is  i n j e c t e d   to  a  c a v i t y   t h r o u g h   a  s p r u e   p a r t :   r u n n e r  

p a r t ,   and  g a t e   p a r t ,   and  c o o l e d   wi th   a  mold  c l a m p i n g   f o r c e  

a p p l i e d   to  m a n u f a c t u r e   a  l e n s ,   c o m p r i s i n g :  

p r e p a r a t o r i l y   m e a s u r i n g   a  q u a n t i t y   of  m o l t e n  

t h e r m o p l a s t i c   r e s i n   r e q u i r e d   for  o b t a i n i n g   a  lens   to  be 

mo lded   or  more  and  i n j e c t i n g   i n t o   a  c a v i t y   h a v i n g   a  v o l u m e  

b e i n g   e x p a n d e d   p r e p a r a t o r i l y   to  a  vo lume  l a r g e r   than  the  s  a  m 

o  f  t  h  e  v  o  1  u  m  e  of  "he  '.  e  r.  s  to  b  e  m  o  '.  i  e  a  and  i  v  o  1  u  '.1  e  j  : 

m o l d i n g   s h r i n k a g e   due  to  the  c o o l i n g   of  s a i d   t h e r m o p l a s t i c  

r e s i n   and  b e i n g   e x p a n d e d   p r e p a r a t o r i l y   to  a  s u f f i c i e n t  

vo lume   or  more  for  p r e v e n t i n g   d i v i d e d   flow  of  f l o w i n g   r e s i n  

w i t h   i t s   t e m p e r a t u r e   be ing   s e t   at  a  l e v e l   e q u a l   to  or  h i g h e r  

than  a  t e m p e r a t u r e   c a p a b l e   of  m a i n t a i n i n g   i n j e c t e d   r e s i n   in 

a  f l o w i n g   s t a t e :  

p r o c e e d i n g   to  the  c a v i t y   vo lume  r e d u c t i o n   s t a g e  

a f t e r   the  i n j e c t i o n   o p e r a t i o n   p r o g r e s s e d   to  a  q u a n t i t y  

s u f f i c i e n t   for   the  f r o n t   end  p o s i t i o n   of  the  t h e r m o p l a s t i c  

r e s i n   in  the  flow  c o n d i t i o n   to  pass   the  p o r t i o n   of  t h e  

o p t i c a l   a x i s   of  the  lens   to  be  molded   but  b e f o r e   the  t o t a l  

q u a n t i t y   of  the  p r e p a r a t o r i l y   m e a s u r e d   t h e r m o p l a s t i c   r e s i n  



EP  0  380  688  A1 

39 

is  i n j e c t e d :  

e v e n t u a l l y   r e d u c i n g   in  the  c a v i t y   vo lume   r e d u c t i o n  

s t a g e   the  i n j e c t i o n   p r e s s u r e   of  the  t h e r m o p l a s t i c   r e s i n   to  a 

r e t a i n i n g   p r e s s .   u  re  not  o b s t r u c t i o n   b a c k f l o w   of  s a i d  

t h e r m o p l a s t i c   r e s i n   due  to  the  r e d u c t i o n   of  the  s a i d   c a v i t y  

h a v i n g   the  p o s s i b i l i t y   of  b e i n g   o v e r c h a r g e d   to  the  c a v i t y   a n d  

a l l o w i n g   f l o w - i n   of  s a i d   t h e r m o p l a s t i c   r e s i n   i n t o   the  c a v i t y -  

h a v i n g   the  p o s s i b i l i t y   of  l e a v i n g   u n f i l l e d   p o r t i o n s   a n d  

r e d u c i n g   the  volume  of  the  c a v i t y   to  a  vo lume   e q u a l   to  the  sum 

of  the  vo lume  of  the  lens   to  be  mo lded   and  the  volume  o f  

m o l d i n g   s h r i n k a g e   due  to  the  c o o l i n g   of  s a i d   t h e r m o p l a s t i c  

r e s i n   u n d e r   s a i d   r e t a i n i n g   p r e s s u r e   to  the  n o r m a l   t e m p e r a t u r e  

and  n o r m a l   p r e s s u r e ,   f u r t h e r   in  t h i s   c a v i t y   vo lume  r e d u c t i o n  

s t a g e   p e r f o r m i n g   i n j e c t i o n   o p e r a t i o n   at  an  i n j e c t i o n   p r e s s u r e  

g r e a t e r   than  s a i d   r e t a i n i n g   p r e s s u r e   up  to  a  poin-s  when  t h e  

t h e r m o p l a s t i c   r e s i n   of  a  q u a n t i t y   n e c e s s a r y   as  wel l   a s  

s u f f i c i e n t   for   m a i n t a i n i n g   the  c a v i t y   f r e e   of  u n f i l l e d   p o r t i o n  

r e g a r d l e s s   of  v a r i a t i o n   of  f l o w - i n   r e s i s t a n c e   to  the  c a v i t y  

when  the  vo lume  of  the  c a v i t y   is  r e d u c e d   to  a  volume  e q u a l   t o  

the  sum  of  the  volume  of  the  l e n s   to  be  mo lded   and  a  v o l u m e  

of  m o l d i n g   s h r i n k a g e   due  to  the  c o o l i n g   of  s a i d   t h e r m o p l a s t i c  

r e s i n   u n d e r   the  r e t a i n i n g   p r e s s u r e   to  the  n o r m a l   t e m p e r a t u r e  

and  n o r m a l   p r e s s u r e ,   r e d u c i n g   the  vo lume   of  the  c a v i t y   to  a 

v o l u m e   not  c a u s i n g   o v e r c h a r g e   of  the  t h e r m o p l a s t i c   r e s i n  

c a u s i n g   b a c k f l o w   beyond  a l l o w a b l e   r a n g e   by  the  i n j e c t i o n  
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o p e r a t i o n   at  an  i n j e c t i o n   p r e s s u r e   g r e a t e r   than  the  r e t a i n i n g  

p r e s s u r e   when  the  volume  of  s a i d   c a v i t y   is  r e d u c e d   to  a 

v o l u m e   e q u a l   to  the  sum  of  the  vo lume  of  the  l ens   to  be 

m o l d e d   and  a  volume  of  m o l d i n g   s h r i n k a g e   due  to  the  c o o l i n g  

of  s a i d   t h e r m o p l a s t i c   r e s i n   u n d e r   s a i d   r e t a i n i n g   p r e s s u r e   to  

the  n o r m a l   t e m p e r a t u r e   and  no rmal   p r e s s u r e   by  the  time  when 

the  t h e r m o p l a s t i c   r e s i n   of  a  q u a n t i t y   n e c e s s a r y   as  wel l   a s  

s u f f i c i e n t   for  m a i n t a i n i n g   the  c a v i t y   f r e e   of  u n f i l l e d  

p o r t i o n   r e g a r d l e s s   of  v a r i a t i o n   of  f  1  o  w  -  i  n  r e s i s t a n c e   to  t h e  

s a i d   c a v i t y   is  i n j e c t e d   when  the  vo lume  of  the  c a v i t y   i s  

r e i j c e d   to  a  volume  equa l   to  the  sum  of  the  volume  or  t  .-,  e 

l e n s   to  be  molded  and  a  volume  of  ~  o  1  d  •  r,  g  s h r i n k a g e   due  to 

the  c o o l i n g   of  s a i d   t h e r m o p l a s t i c   r e s i n   u n d e r   s a i d   r e t a i n :   n  g 

p r e s s u r e   to  the  normal   t e m p e r a t u r e   and  n o r m a l   p r e s s u r e :  

l o w e r i n g   the  i n j e c t i o n   p r e s s u r e   to  s a i d   r e t a i n i n g   p r e s s u r e  

and  r e d u c i n g   the  volume  of  s a i d   c a v i t y   to  a  volume  e q u a l   to  

the  sum  of  the  volume  of  the  l ens   to  be  molded   and  a  v o l u m e  

of  m o l d i n g   s h r i n k a g e   due  to  the  c o o l i n g   of  s a i d   t h e r m o p l a s t i c  

r e s i n   u n d e r   s a i d   r e t a i n i n g   p r e s s u r e   to  the  no rmal   t e m p e r a t u r e  

and  n o r m a l   p r e s s u r e   a f t e r   the  time  when  the  t h e r m o p l a s t i c  

r e s i n   of  a  q u a n t i t y   n e c e s s a r y   as  wel l   as  s u f f i c i e n t   f o r  

m a i n t a i n i n g   the  c a v i t y   f r e e   of  u n f i l l e d   p o r t i o n   r e g a r d l e s s   o f  

the  v a r i a t i o n   of  f l o w - i n   r e s i s t a n c e   to  s a i d   c a v i t y   i s  

i n j e c t e d   when  the  c a v i t y   vo lume  is  r e d u c e d   to  a  volume  e q u a l  

to  the  sum  of  the  volume  of  the  l ens   to  be  molded  and  a 
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t h e r m o p l a s t i c   r e s i n   unde r   s a i d   r e t a i n i n g   p r e s s u r e   to  t h e  

n o r m a l   t e m p e r a t u r e   and  normal   p r e s s u r e :  

s e a l i n g   a  s p r u e   p a r t   when  the  b e h a v i o r   of  the  r e s i n  

in  the  cav i   ty  is  s  t ab i   1  ized  : 

a n d  

c o o l i n g   the  r e s i n   i n j e c t e d   i n t o   the  c a v i t y   u n t i l  

the  r e s i n   is  c o o l e d   to  a  t a k e - o u t   t e m p e r a t u r e   w h i l e   a p p l y i n g  

p r e s s u r e   and  h a r d e n i n g   the  r e s i n .  

(5)  .^  i n j e c t i o n   m o l d i n g   me thod   w i t h   s t a m p i n g  

c o m p r e s s i o n   a c c o r d i n g   to  Claim  5  w h e r e i n   p l a s t i c i z e d   a n d  

m e a s u r e d   t h e r m o p l a s t i c   r e s i n   is  i n j e c t e d   to  a  p l u r a l i t y   o r  

c a v i t i e s   fo rmed  in  a  s i n g l e   moid  a p p a r a t u s   t h r o u g h '   a  s p r u e  

p a r t ,   r u n n e r   p a r t ,   and  ga t e   p a r t .  

(7)  An  i n j e c t i o n   m o l d i n g   me thod   w i t h   s t a m p i n g  

c o m p r e s s i o n   w h e r e i n   p l a s t i c i z e d   and  m e a s u r e d   t h e r m o p l a s t i c  

r e s i n   is  i n j e c t e d   to  a  c a v i t y   t h r o u g h   a  s p r u e   p a r t ,   r u n n e r  

p a r t ,   and  g a t e   p a r t ,   and  c o o l e d   w i th   a  mold  c l a m p i n g   f o r c e  

a p p l i e d   to  m a n u f a c t u r e   a  l e n s ,   c o m p r i s i n g :  

p r e p a r a t o r i l y   m e a s u r i n g   a  q u a n t i t y   of  m o l t e n  

t h e r m o p l a s t i c   r e s i n   r e q u i r e d   fo r   o b t a i n i n g   a  l e n s   to  be  

m o l d e d   or  more  and  i n j e c t i n g   i n t o   a  c a v i t y   h a v i n g   a  v o l u m e  

b e i n g   e x p a n d e d   p r e p a r a t o r i l y   to  a  v o l u m e   l a r g e r   than  the  sum 

of  the  vo lume  of  the  l ens   to  be  mo lded   and  a  volume  o f  

m o l d i n g   s h r i n k a g e   due  to  the  c o o l i n g   of  s a i d   t h e r m o p l a s t i c  

o r  

mo 
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r e s i n   and  b e i n g   e x p a n d e d   p r e p a r a t o r i l y   to  a  s u f f i c i e n t  

v o l u m e   or  more  for  p r e v e n t i n g   d i v i d e d   f lew  of  f l o w i n g   r e s i n  

w i t h   i t s   t e m p e r a t u r e   b e i n g   s e t   at  a  l e v e l   e q u a l   to  or  h i g h e r  

than   a  t e m p e r a t u r e   c a p a b l e   of  m a i n t a i n i n g   i n j e c t e d   r e s i n   i n  

a  f l o w i n g   s t a t e :  

p r o c e e d i n g   to  the  c a v i t y   vo lume  r e d u c t i o n   s t a g e  

a f t e r   the  i n j e c t i o n   o p e r a t i o n   p r o g r e s s e d   to  a  q u a n t i t y  

s u f f i c i e n t   for  the  f r o n t   end  p o s i t i o n   of  the  t  h  e  r  .71  0  :  1  a  s  t  i  c 

r e s i n   in  the  flow  c o n d i t i o n   to  pass   the  p o r t i o n   of  t h e  

o p t i c a l   a x i s   of  the  lens   to  be  molded   but  b e f o r e   the  t o t a l  

q u a n t i t y   of  the  p r e p a r a t o r i l y   m e a s u r e d   t h e r m o p l a s t i c   r e s i n  

is  i n j e c t e d :  

e  v  e  n  t  u  a  1  1  >  re  •:  -;  c  i  n  g  1  1  t  he  c  a  v  :  t  y  volume  r e d u c t i o n  

s t a g e   the  i n j e c t i o n   p r e s s u r e   of  the  t h e r m o p l a s t i c   r e s i n   to  2 

r e t a i n i n g   p r e s s u r e   not  o b s t r u c t i o n   b  a  c  k  f  1  0  w  or  s a i d  

t h e r m o p l a s t i c   r e s i n   due  to  the  r e d u c t i o n   of  the  s a i d   c a v i t y -  

h a v i n g   the  p o s s i b i l i t y   of  b e i n g   o v e r c h a r g e d   to  the  c a v i t y   a n d  

a l l o w i n g   flow  - in   of  s a i d   t h e r m o p l a s t i c   r e s i n   i n t o   the  c a v i t y -  

h a v i n g   the  p o s s i b i l i t y   of  l e a v i n g   u n f i l l e d   p o r t i o n s   a n d  

r e d u c i n g   the  volume  of  the  c a v i t y   to  a  vo lume   e q u a l   to  the  sum 

of  the  vo lume  of  the  l ens   to  be  molded   and  the  volume  o f  

m o l d i n g   s h r i n k a g e   due  to  the  c o o l i n g   of  s a i d   t h e r m o p l a s t i c  

r e s i n   u n d e r   s a i d   r e t a i n i n g   p r e s s u r e   to  the  no rmal   t e m p e r a t u r e  

and  no rma l   p r e s s u r e ,   f u r t h e r   in  t h i s   c a v i t y   volume  r e d u c t i o n  

s t a g e   p e r f o r m i n g   i n j e c t i o n   o p e r a t i o n   at  an  i n j e c t i o n  
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p r e s s u r e   g r e a t e r   than  s a i d   r e t a i n i n g   p r e s s u r e   up  to  a  p o i n t  

when  the  t h e r m o p l a s t i c   r e s i n   of  a  q u a n t i t y   n e c e s s a r y   as  w e l l  

as  s u f f i c i e n t   for   m a i n t a i n i n g   the  c a v i t y   f r e e   of  u n f i l l e d  

p o r t i o n   r e g a r d l e s s   of  v a r i a t i o n   of  f low  - i n   r e s i s t a n c e   to  t h e  

c a v i t y   when  the  volume  of  the  c a v i t y   is  r e d u c e d   to  a  v o l u m e  

e q u a l   to  the  sum  of  the  volume  of  the  l e n s   to  be  molded  a n d  

a  v o l u m e   of  m o l d i n g   s h r i n k a g e   due  to  the  c o o l i n g   of  s a i d  

t h e r m o p l a s t i c   r e s i n   unde r   the  r e t a i n i n g   p r e s s u r e   to  t h e  

n o r m a l   t e m p e r a t u r e   and  normal   p r e s s u r e ,   r e d u c i n g   the  v o l u m e  

of  the  c a v i t y   to  a  volume  not  c a u s i n g   o v e r c h a r g e   ot  t h e  

t h e r m o p l a s t i c   r e s i n   c a u s i n g   b a c k f l o w   beyond   a l l o w a b l e   r a n g e  

by  the  i n j e c t i o n   o p e r a t i o n   at  an  i n j e c t i o n   p r e s s u r e   g r e a t e r  

t  h  a  n  the  r e t a i n i n g   p r e s s u r e   when  the  vo lume   of  s a i d   c a v i t y -  

is  r e d u c e d   to  a  volume  e q u a l   to  the  sum  of  the  volume  of  t h e  

l e n s   to  be  molded   and  a  volume  of  m o l d i n g   s h r i n k a g e   due  to  

the  c o o l i n g   of  s a i d   t h e r m o p l a s t i c   r e s i n   u n d e r   s a i d   r e t a i n i n g  

p r e s s u r e   to  the  normal   t e m p e r a t u r e   and  n o r m a l   p r e s s u r e  

by  the  t ime  when  the  t h e r m o p l a s t i c   r e s i n   of  a  q u a n t i t y  

n e c e s s a r y   as  wel l   as  s u f f i c i e n t   for   m a i n t a i n i n g   the  c a v i t y -  

f r e e   of  u n f i l l e d   p o r t i o n   r e g a r d l e s s   of  v a r i a t i o n   of  f l o w - i n  

r e s i s t a n c e   to  the  s a i d   c a v i t y   is  i n j e c t e d   when  the  volume  o f  

the  c a v i t y   is  r e d u c e d   to  a  vo lume  e q u a l   to  the  sum  of  t h e  

v o l u m e   of  the  l ens   to  be  molded   and  a  vo lume   of  m o l d i n g  

s h r i n k a g e   due  to  the  c o o l i n g   of  s a i d   t h e r m o p l a s t i c   r e s i n  

u n d e r   s a i d   r e t a i n i n g   p r e s s u r e   to  the  n o r m a l   t e m p e r a t u r e   a n d  
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n o r m a l   p r e s s u r e ,   t o w e r i n g   the  i n j e c t i o n   p r e s s u r e   to  s a i d  

r e t a i n i n g   p r e s s u r e   and  r e d u c i n g   the  vo lume  of  s a i d   c a v i t y   t o  

a  vo lume   e q u a l   to  the  sum  of  the  vo lume  of  the  l ens   to  be 

m o l d e d   and  a  vo-Lume  of  m o l d i n g   s h r i n k a g e   due  to  the  c o o l i n g  

of  s a i d   t h e r m o p l a s t i c   r e s i n   u n d e r   s a i d   r e t a i n i n g   p r e s s u r e   to  

the  n o r m a l   t e m p e r a t u r e   and  no rma l   p r e s s u r e   a f t e r   the  t i m e  

when  the  t h e r m o p l a s t i c   r e s i n   of  a  q u a n t i t y   n e c e s s a r y   as  w e l l  

as  s u f f i c i e n t   for  m a i n t a i n i n g   the  c a v i t y   f r e e   of  u  n  f  i  I  1  e  d_ 

p o r t i o n   r e g a r d l e s s   o:  the  v a r i a t i o n   of  f l o w -   in  r e s i s t a n c e   to  

s a i d   c a v i t y   is  i n j e c t e d   when  the  c  a  v  1  t  y  vo lume   is  r e d u c e d   to  

a  vo lume   e q u a l   to  t  h  e  sum  o  f  t  h  e  volume  or  the  lens   t  o  D  e 

■molded  and  a  volume  of  m o l d i n g   s h r i n k a g e   due  to  the  c o o l i n g  

.;  :  s a i d   t h e r m o p l a s t i c   r e s i n   u n d e r   sai- i   r e t a i n i n g   p r e s c j r e   to 

the  n o r m a l   t e m p e r a t u r e   and  no rma l   p r e s s u r e :  

s e a l i n g   a  s p r u e   p a r t   when  the  b e h a v i o r   o  :  the  r e s i n  

in  the  c a v i t y   is  s t a b i l i z e d :  

h a r d e n i n g   the  r e s i n   i n j e c t e d   i n t o   the  c a v i t y   by 

a p p l y i n g   a  p r e s s u r e   t h a t   g i v e s   d y n a m i c   m o d u l u s   of  e l a s t i c i t y  

of  the  r e s i n   at  the  normal   t e m p e r a t u r e   and  no rmal   p r e s s u r e :  

a n d  

c o o l i n g   the  r e s i n   h a r d e n e d   by  p r e s s u r e   a n d  

c o n t i n u i n g   t h i s   c o o l i n g   p r o c e s s   u n t i l   the  r e s i n   is  c o o l e d   t o  

a  t a k e - o u t   t e m p e r a t u r e   w h i l e   r e d u c i n g   the  p r e s s u r e   so  as  to  

c a n c e l   out  the  r i s e   of  the  d y n a m i c   m o d u l u s   of  e l a s t i c i t y   d u e  

to  c o o l i n g .  



EP  0  380  688  A1 

45  '"  ■  
; 

(8)  An  i n j e c t i o n   m o l d i n g   m e t h o d   w i t h   s t a m p i n g  

c o m p r e s s i o n   a c c o r d i n g   to  Claim  7  w h e r e i n   p i a s t i c i z e d   a n d  

m e a s u r e d   t h e r m o p l a s t i c   r e s i n   is  i n j e c t e d   to  a  p l u r a l i t y   o f  

c a v i t i e s   f o r m e d - i n   a  s i n g l e   mold  a p p a r a t u s   t h r o u g h   a  s p r u e  

p a r t ,   r u n n e r   p a r t ,   and  g a t e   p a r t .  

(9)  An  i n j e c t i o n   m o l d i n g   me thod   w i t h   s t a m p i n g  

c o m p r e s s i o n   w h e r e i n   p i a s t i c i z e d   and  m e a s u r e d   t h e r m o p l a s t i c  

r e s i n   is  i n j e c t e d   to-  a  p l u r a l i t y   of  c a v i t i e s   fo rmed   in  a 

s i n g l e   mold  a p p a r a t u s   t h r o u g h   a  s p r u e   p a r e ,   r u n n e r   p a r t ,   a n d  

g a t e   p a r t :   and  c o o l e d   wi th   a  mold  c l a m p i n g   f o r c e   a p p l i e d   to  

m a n u f a c t u r e   molded   a r t i c l e s ,   c o m p r e s i n g :  

p r e p a r a t o r i l y   m e a s u r i n g   a  q u a n t i t y   of  m o l t e n  

t h e r m o p l a s t i c   r e s i n   r e q u i r e d   for   o b t a i n i n g   mo lded   a r t i c l e s  

to  be  molded   or  more  and  i n j e c t i n g   i n t o   the  p l u r a l i t y   o f  

c a v i t i e s   h a v i n g   a  volume  b e i n g   e x p a n d e d   p r e p a r a t o r i l y   to  

a  vo lume   l a r g e r   than  the  sum  of  the  v o l u m e   of  the  m o l d e d  

a r t i c l e s   to  be  molded   and  a  vo lume  of  m o l d i n g   s h r i n k a g e   d u e  

to  the  c o o l i n g   of  s a i d   t h e r m o p l a s t i c   r e s i n   and  b e i n g  

e x p a n d e d   p r e p a r a t o r i l y   to  a  s u f f i c i e n t   v o l u m e   or  more  f o r  

p r e v e n t i n g   d i v i d e d   f low  of  f l o w i n g   r e s i n   w i t h   t h e i r  

t e m p e r a t u r e   b e i n g   s e t   at  a  l e v e l   e q u a l   to  or  h i g h e r   than  a 

t e m p e r a t u r e   c a p a b l e   of  m a i n t a i n i n g   i n j e c t e d   r e s i n   in  a 

f l o w i n g   s t a t e :  

r e d u c i n g   the  volume  of  s a i d   p l u r a l i t y   of  c a v i t i e s  

to  a  vo lume  e q u a l   to  the  sum  of  the  v o l u m e   of  the  m o l d e d  
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a r t i c l e s   to  be  molded  and  a  vo lume  of  m o l d i n g   s h r i n k a g e   d u e  

to  the  c o o l i n g   of  the  t h e r m o p l a s t i c   r e s i n   b e f o r e   the  t o t a l  

q u a n t i t y   of  the  p r e p a r a t o r i l y   m e a s u r e d   t h e r m o p l a s t i c   r e s i n  

is  i n j e c t e d ,   r e d u c i n g   the  i n j e c t i o n   p r e s s u r e   to  a  r e t a i n i n g  

p r e s s u r e   not  o b s t r u c t i n g   back  f low  of  s a i d   t h e r m o p l a s t i c  

r e s i n   due  to  the  r e d u c t i o n   of  the  s a i d   i n d i v i d u a l   c a v i t i e s  

h a v i n g   the  p o s s i b i l i t y   of  b e i n g   o v e r c h a r g e d   and  a l l o w i n g   t h e  

f  I  o  w  -  i  p.  of  s a i d   t h e r m o p l a s t i c   r e s i n   to  the  c a v i t i e s   h a v i n g  

:  h  9  p o s s i b i l i t y   of  l e a v i n g   u n f i l l e d   p o r t i o n s ,   a n d  

c o n t r o l l i n g   the  r e d u c t i o n   speed   of  the  vo lume  of  s a i d  

p  I  u  r  q  '.  i  t  y  of  c a v i t i e s   an  d  the  i n j e c t i o n   s p e e d   o  f  t  h  e 

t h e r m o p l a s t i c   r e s i n   so  t ha t   t h e r e   is  no  u  .i  f  i  I  I  e  i  pOi" . ;on  in 

the  i  -  i  1  v  i  d  u  a  1  c a v i t i e s   *  h  e  n  the  vo lume  of  the  p l u r a l :   c  >  o f  

c a v i t i e s   are  r e d u c e d   to  a  volume  e  c  j  a  i  to  the  s  u  ~i  )  :  t h e  

v o l u m e   of  the  -n  o  1  d  e  d  a r t i c l e s   to  be  ~.  o  1  d  e  d  and  t  h  e  volume  o  f 

the  m o l d i n g   s h r i n k a g e   due  to  the  c o o l i n g   of  t h e  

t h e r m o p l a s t i c   r e s i n :  

s e a l i n g   a  s p r u e   p a r t   when  the  b e h a v i o r   o  I  the  r e s i n  

in  the  c a v i t i e s   are  s t a b i l i z e d :  

a n d  

c o o l i n g   the  r e s i n   i n j e c t e d   i n t o   the  p l u r a l i t y   o f  

c a v i t i e s   u n t i l   the  r e s i n   is  c o o l e d   to  a  t a k e - o u t   t e m p e r a t u r e  

w h i l e   a p p l y i n g   p r e s s u r e   and  h a r d e n i n g   the  r e s i n .  

(10)  An  i n j e c t i o n   m o l d i n g   method   wi th   s t a m p i n g  

c o m p r e s s i o n   w h e r e i n   p l a s t i c !   zed  and  m e a s u r e d   t h e r m o p l a s t i c  
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r e s i n   is  i n j e c t e d   to  a  p l u r a l i t y   of  c a v i t i e s   fo rmed   in  a 

s i n g l e   mold  a p p a r a t u s   t h r o u g h   a  s p r u e   p a r t ,   r u n n e r   p a r t ,   a n d  

g a t e   p a r t ,   and  c o o l e d   wi th   a  mold  c l a m p i n g   f o r c e   a p p l i e d   t o  

m a n u f a c t u r e   molded   a r t i c l e s ,   c o m p r e s i n g :  

p r e p a r a t o r i l y   m e a s u r i n g   a  q u a n t i t y   of  m o l t e n  

t h e r m o p l a s t i c   r e s i n   r e q u i r e d   for   o b t a i n i n g   a  molded   a r t i c l e s  

to  be  mo lded   or  more  and  i n j e c t i n g   i n t o   the  p l u r a l i t y   o f  

c a v i t i e s   h a v i n g   a  volume  be ing   e x p a n d e d   p r e p a r a t o r i l y   t o  

a  v o l u m e   l a r g e r   than  the  sum  of  the  v o l u m e   of  the  m o l d e d  

a r t i c l e s   to  be  molded   and  a  vo lume  of  m o l d i n g   s h r i n k a g e   d u e  

to  the  c o o l i n g   of  s a i d   t h e r m o p l a s t i c   r e s i n   and  b e i n g  

e x p a n d e d   p r e p a r a t o r i l y   to  a  s u f f i c i e n t   v o l u m e   or  more  f o r  

p r e v e n t i n g   d i v i d e d   flow  of  f l o w i n g   r e s i n   w i t h   t h e i r  

t e m p e r a t u r e   b e i n g   s e t   at  a  l e v e l   e q u a l   to  or  h i g h e r   than  a 

t e m p e r a t u r e   c a p a b l e   of  m a i n t a i n i n g   i n j e c t e d   r e s i n   in  a 

f l o w i n g   s t a t e :  

r e d u c i n g   the  volume  of  s a i d   p l u r a l i t y   of  c a v i t i e s  

to  a  vo lume  e q u a l   to  the  sum  of  the  v o l u m e   of  the  m o l d e d  

a r t i c l e s   to  be  molded   and  a  vo lume  of  m o l d i n g   s h r i n k a g e   d u e  

to  the  c o o l i n g   of  the  t h e r m o p l a s t i c   r e s i n   b e f o r e   the  t o t a l  

q u a n t i t y   of  the  p r e p a r a t o r i l y   m e a s u r e d   t h e r m o p l a s t i c   r e s i n  

is  i n j e c t e d ,   r e d u c i n g   the  i n j e c t i o n   p r e s s u r e   to  a  r e t a i n i n g  

p r e s s u r e   not  o b s t r u c t i n g   b a c k f l o w   of  s a i d   t h e r m o p l a s t i c  

r e s i n   due  to  the  r e d u c t i o n   of  the  s a i d   i n d i v i d u a l   c a v i t i e s  

h a v i n g   the  p o s s i b i l i t y   of  b e i n g   o v e r c h a r g e d   and  a l l o w i n g   t h e  
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f l o w - i n   of  s a i d   t h e r m o p l a s t i c   r e s i n   to  the  c a v i t i e s   h a v i n g  

the  p o s s i b i l i t y   of  l e a v i n g   u n f i l l e d   p o r t i o n s ,   a n d  

c o n t r o l l i n g   the  r e d u c t i o n   s p e e d   of  the  vo lume   of  s a i d  

p l u r a l i t y   of  c a v i t i e s   and  the  i n j e c t i o n   s p e e d   of  t h e  

t h e r m o p l a s t i c   r e s i n   so  t h a t   t h e r e   is  no  u n f i l l e d   p o r t i o n   i n  

the  i n d i v i d u a l   c a v i t i e s   when  the  vo lume   of  the  p l u r a l i t y   o f  

c a v i t i e s   are   r e d u c e d   to  a  vo lume  e q u a l   to  the  sum  of  t h e  

v o l u m e   of  the  molded   a r t i c l e s   to  be  ti  o  i  d  e  :  and  the  volume  o f  

the  - no ld ing   s h r i n k a g e   due  to  the  c o o l i n g   of  t h e  

t h e r m o p l a s t i c   r e s i n :  

s e a l i n g   a  s p r u e   p a r t   when  the  b e h a v i o r   of  the  r e s i n  

i  r.  the  c a v i t i e s   are   s  i  a  c  i  1  i  z  e  d  : 

h a r d e n i n g   t  a  e  r e s i n   i n j e c t e d   i n t o   the  c a v i t i e s   5  y 

a p p l y i n g   a  p r e s s u r e   t h a t   g i v e s   d y n a m i c   m o d u l u s   of  e l a s t i c i t y  

of  the  r e s i n   at  the  normal   t e m p e r a t u r e   and  normal   p r e s s u r e :  

a n d  

c o o l i n g   the  r e s i n   h a r d e n e d   by  p r e s s u r e   and  

c o n t i n u i n g   t h i s   c o o l i n g   p r o c e s s   u n t i l   the  r e s i n   is  c o o l e d   to  

a  t a k e -   out  t e m p e r a t u r e   *  h  i  1  e  r e d u c i n g   the  p r e s s u r e   so  as  to  

c a n c e l   out  the  r i s e   of  the  d y n a m i c   m o d u l u s   of  e l a s t i c i t y   d u e  

to  c o o l i n g .  

(11)  An  i n j e c t i o n   m o l d i n g   method   w i th   s t a m p i n g  

c o m p r e s s i o n   w h e r e i n   p l a s t i c i z e d   and  m e a s u r e d   t h e r m o p l a s t i c  

r e s i n   is  i n j e c t e d   to  a  p l u r a l i t y   of  c a v i t i e s   formed  in  a 

s i n g l e   mold  a p p a r a t u s   t h r o u g h   a  s p r u e   p a r t ,   r u n n e r   p a r t ,   a n d  
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g a t e   p a r t ,   and  c o o l e d   wi th   a  mold  c l a m p i n g   f o r c e   a p p l i e d   to  

m a n u f a c t u r e   mo lded   a r t i c l e s ,   c o m p r e s i n g :  

p r e p a r a t o r i l y   m e a s u r i n g   a  q u a n t i t y   of  m o l t e n  

t h e r m o p l a s t i c   r e s i n   r e q u i r e d   fo r   o b t a i n i n g   mo lded   a r t i c l e s  

to  be  molded   or  more  and  i n j e c t i n g   i n t o   the  p l u r a l i t y   o f  

c a v i t i e s   h a v i n g   a  vo lume  b e i n g   e x p a n d e d   p r e p a r a t o r i l y   t o  

a  v o l u m e   l a r g e r   than  the  sum  of  the  v o l u m e   of  the  m o l d e d  

a r t i c l e s   to  be  molded   and  a  vo lume   of  m o l d i n g   s h r i n k a g e   d u e  

to  the  c o o l i n g   of  s a i d   t h e r m o p l a s t i c   r e s i n   and  b e i n g  

e x p a n d e d   p r e p a r a t o r i l y   to  a  s u f f i c i e n t   vo lume   or  more  f o r  

p r e v e n t i n g   d i v i d e d   flow  of  f l o w i n g   r e s i n   w i th   t h e i r  

t e m p e r a t u r e   b e i n g   s e t   at  a  l e v e l   e q u a l   to  or  h i g h e r   than  a 

t e m p e r a t u r e   c a p a b l e   of  . i i a i n c a i n i n g   i n j e c t e d   r e s i n   in  a 

f  1  ow  i  ng  s  ta  te  : 

p r o c e e d i n g   to  the  c a v i t y   v o l u m e   r e d u c t i o n   s t a g e  

b e f o r e   the  t o t a l   q u a n t i t y   of  the  p r e p a r a t o r i l y   m e a s u r e d  

t h e r m o p l a s t i c   r e s i n   is  i n j e c t e d :  

e v e n t u a l l y   r e d u c i n g   in  the  c a v i t y   vo lume  r e d u c t i o n  

s t a g e   the  i n j e c t i o n   p r e s s u r e   of  the  t h e r m o p l a s t i c   r e s i n   to  a 

r e t a i n i n g   p r e s s u r e   not  o b s t r u c t i o n   back   f low  of  s a i d  

t h e r m o p l a s t i c   r e s i n   due  to  the  r e d u c t i o n   of  the  s a i d   i n d i v i d u a l  

c a v i t i e s   h a v i n g   the  p o s s i b i l i t y   of  b e i n g   o v e r c h a r g e d   to  t h e  

c a v i t i e s   and  a l l o w i n g   f l o w - i n   of  s a i d   t h e r m o p l a s t i c   r e s i n  

i n t o   the  c a v i t i e s   h a v i n g   the  p o s s i b i l i t y   of  l e a v i n g   u n f i l l e d  

p o r t i o n s   and  r e d u c i n g   the  vo lume  of  s a i d   p l u r a l i t y   o f  
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c a v i t i e s   to  a  vo lume  e q u a l   to  the  sum  of  the  volume  of  t h e  

m o l d e d   a r t i c l e s   to  be  molded  and  the  vo lume   of  m o l d i n g  

s h r i n k a g e   due  to  the  c o o l i n g   of  s a i d   t h e r m o p l a s t i c   r e s i n  

u n d e r   s a i d   r e t a i n i n g   p r e s s u r e   to  the  n o r m a l   t e m p e r a t u r e   a n d  

n o r m a l   p r e s s u r e ,   f u r t h e r   in  t h i s   c a v i t y   vo lume   r e d u c t i o n  

s t a g e   p e r f o r m i n g   i n j e c t i o n   o p e r a t i o n   at  an  i n j e c t i o n  

p r e s s u r e   g r e a t e r   than  s a i d   r e t a i n i n g   p r e s s u r e   up  to  a  p o i n t  

when  the  t h e r m o p l a s t i c   r e s i n   of  a  q u a n t i t y   n e c e s s a r y   as  w e l l  

as  s u f f i c i e n t   for  m a i n t a i n i n g   the  i n d i v i d u a l   c a v i t i e s   f r e e  

of  u n f i l l e d   p o r t i o n   r e g a r d l e s s   of  v a r i a t i o n   of  f low-   in  

r e s i s t a n c e   to  the  c a v i t i e s   «  h  e  n  the  vo lume  of  the  c a v i t i e s  

a re   r e d u c e d   to  a  volume  equa l   to  the  sum  of  the  volume  c  f 

:  n  e  molded  a r t i c l e s   :  o  be  molded  and  a  vo lume  of  -.-  o  1  d  i  n  g 

s h r i n k a g e   due  to  the  c o o l i n g   of  s a i d   t h e r m o p l a s t i c   r e s i n  

u n d e r   the  r e t a i n i n g   p r e s s u r e   to  the  n o r m a l   t e m p e r a t u r e   a n d  

n o r m a l   p r e s s u r e ,   r e d u c i n g   the  vo lume   of  the  p l u r a l i t y   o f  

c a v i t i e s   to  a  volume  not  c a u s i n g   o v e r c h a r g e   of  t h e  

t h e r m o p l a s t i c   r e s i n   c a u s i n g   b  a  c  k  f  1  o  v>  beyond   a l l o w a b l e   r a n g e  

by  the  i n j e c t i o n   o p e r a t i o n   at  an  i n j e c t i o n   p r e s s u r e   g r e a t e r  

t han   the  r e t a i n i n g   p r e s s u r e   when  the  vo lume  of  s a i d   c a v i t i e s  

a re   r e d u c e d   to  a  volume  equa l   to  the  sum  of  the  volume  o f  

the  molded  a r t i c l e s   to  be  molded   and  a  vo lume  of  m o l d i n g  

s h r i n k a g e   due  to  the  c o o l i n g   of  s a i d   t h e r m o p l a s t i c   r e s i n  

u n d e r   s a i d   r e t a i n i n g   p r e s s u r e   to  the  no rma l   t e m p e r a t u r e   a n d  

n o r m a l   p r e s s u r e   by  the  time  when  the  t h e r m o p l a s t i c   r e s i n   o f  
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a  q u a n t i t y   n e c e s s a r y   as  wel l   as  s u f f i c i e n t   for   m a i n t a i n i n g  

the  i n d i v i d u a l   c a v i t i e s   f r e e   of  u n f i l l e d   p o r t i o n   r e g a r d l e s s  

of  v a r i a t i o n   of  f l o w - i n   r e s i s t a n c e   to  the  s a i d   c a v i t i e s   i s  

i n j e c t e d   when  the  vo lume  of  the  c a v i t i e s   a re   r e d u c e d   to  a 

v o l u m e   e q u a l   to  the  sum  of  the  vo lume   of  the  molded   a r t i c l e s  

to  be  molded   and  a  volume  of  m o l d i n g   s h r i n k a g e   due  to  t h e  

c o o l i n g   of  s a i d   t h e r m o p l a s t i c   r e s i n   u n d e r   s a i d   r e t a i n i n g  

p r e s s u r e   to  the  n o r m a l   t e m p e r a t u r e   and  n o r m a l   p r e s s u r e ,  

l o w e r i n g   the  i n j e c t i o n   p r e s s u r e   to  s a i d   r e t a i n i n g   p r e s s u r e  

and  r e d u c i n g   the  volume  of  s a i d   p l u r a l i t y   of  c a v i t i e s   to  a 

vo lume   e q u a l   to  the  sum  of  the  vo lume   of  the  molded   a r t i c l e s  

to  be  molded   and  a  volume  of  m o l d i n g   s h r i n k a g e   due  to  t h e  

c o o l i n g   of  s a i d   t h e r m o p l a s t i c   r e s i n   u n d e r   s a i d   r e t a i n i n g  

p r e s s u r e   to  the  n o r m a l   t e m p e r a t u r e   and  n o r m a l   p r e s s u r e   a f t e r  

the  t ime  when  the  t h e r m o p l a s t i c   r e s i n   of  a  q u a n t i t y  

n e c e s s a r y   as-  we l l   as  s u f f i c i e n t   for   m a i n t a i n i n g   t h e  

i n d i v i d u a l   c a v i t i e s   f r e e   of  u n f i l l e d   p o r t i o n   r e g a r d l e s s   o f  

the  v a r i a t i o n   of  f low  - in   r e s i s t a n c e   to  s a i d   c a v i t i e s   i s  

i n j e c t e d   when  the  volume  of  s a i d   c a v i t i e s   a re   r e d u c e d   to  a 

vo lume   e q u a l   to  the  sum  of  the  vo lume   of  the  molded  a r t i c l e s  

to  be  molded   and  a  volume  of  m o l d i n g   s h r i n k a g e   due  to  t h e  

c o o l i n g   of  s a i d   t h e r m o p l a s t i c   r e s i n   u n d e r   s a i d   r e t a i n i n g  

p r e s s u r e   to  the  no rma l   t e m p e r a t u r e   and  n o r m a l   p r e s s u r e   : 

s e a l i n g   a  s p r u e   p a r t   when  the  b e h a v i o r   of  the  r e s i n  

in  the  c a v i t i e s   a re   s t a b i l i z e d :  
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a n d  

c o o l i n g   the  r e s i n   i n j e c t e d   i n t o   the  p l u r a l i t y   o f  

c a v i t i e s   u n t i l   the  r e s i n   is  c o o l e d   to  a  t a k e - o u t   t e m p e r a t u r e  

w h i l e   a p p l y i n g   . p r e s s u r e   and  h a r d e n i n g   the  r e s i n .  

(12)  An  i n j e c t i o n   m o l d i n g   me thod   w i th   s t a m p i n g  

c o m p r e s s i o n   w h e r e i n   p l a s t i c i z e d   and  m e a s u r e d   t h e r m o p l a s t i c  

r e s i n   is  i n j e c t e d   to  a  p l u r a l i t y   of  c a v i t i e s   fo rmed   in  a 

s i n g l e   mold  a p p a r a t u s   t h r o u g h   a  s p r u e   p a r t ,   r u n n e r   p a r t ,   a n d  

g a t e   p a r t :   and  c o o l e d   :>  [  t  h  a  mold  c l a m p i n g   f o r c e   a p p l i e d   t o  

m a n u f a c t u r e   molded   a r t i c l e s :   c o m p r e s i n g :  

p r e p a r a t o r i l y   m e a s u r i n g   a  q u a n t i t y   of  m o l t e n  

t h e r m o p l a s t i c   r e s i n   r e q u i r e d   for  o b t a i n i n g   molded   a r t i c l e s  

to  be  .»  o  I  j  e  d  or  more  and  i n j e c t i n g   i n t o   the  p  1  •  j  r  a  ■  i  -  y  o  t 

c a v i t i e s   h a v i n g   a  volume  be ing   e x p a n d e d   p r e p a r a t o r i l y   to  

a  volume  l a r g e r   than  the  sum  of  the  v  o  1  u  m  e  of  the  m o l d e d  

a r t i c l e s   to  be  molded   and  a  vo lume   of  m o l d i n g   s h r i n k a g e   d u e  

to  the  c o o l i n g   of  s a i d   t h e r m o p l a s t i c   r e s i n   and  b e i n g  

e x p a n d e d   p r e p a r a t o r i l y   to  a  s u f f i c i e n t   vo lume  or  more  f o r  

p r e v e n t i n g   d i v i d e d   flow  of  f l o w i n g   r e s i n   wi th   t h e i r  

t e m p e r a t u r e   b e i n g   s e t   at  a  l e v e l   e q u a l   to  or  h i g h e r   than  a 

t e m p e r a t u r e   c a p a b l e   of  m a i n t a i n i n g   i n j e c t e d   r e s i n   in  a 

f l o w i n g   s t a t e :  

p r o c e e d i n g   to  the  c a v i t y   vo lume   r e d u c t i o n   s t a g e  

b e f o r e   the  t o t a l   q u a n t i t y   of  the  p r e p a r a t o r i l y   m e a s u r e d  

t h e r m o p l a s t i c   r e s i n   is  i n j e c t e d :  
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e v e n t u a l l y   r e d u c i n g   in  the  c a v i t y   vo lume  r e d u c t i o n  

s t a g e   the  i n j e c t i o n   p r e s s u r e   of  the  t h e r m o p l a s t i c   r e s i n   to  a 

r e t a i n i n g   p r e s s u r e   not  o b s t r u c t i o n   b a c k f l o w   of  s a i d  

t h e r m o p l a s t i c   r . e s i n   due  to  the  r e d u c t i o n   of  the  s a i d   i n d i v i d u a l  

c a v i t i e s   h a v i n g   the  p o s s i b i l i t y   of  b e i n g   o v e r c h a r g e d   to  t h e  

c a v i t i e s   and  a l l o w i n g   flow  - in   of  s a i d   t h e r m o p l a s t i c   r e s i n  

i n t o   the  c a v i t i e s   h a v i n g   the  p o s s i b i l i t y   of  l e a v i n g   u n f i l l e d  

p o r t i o n s   and  r e d u c i n g   the  vo lume  of  s a i d   p l u r a l i t y   o f  

c a v i t i e s   to  a  vo lume  e q u a l   to  the  sum  of  the  vo lume  of  t h e  

m o l d e d   a r t i c l e s   to  be  molded  and  the  vo lume   of  m o l d i n g  

s h r i n k a g e   due  to  the  c o o l i n g   of  s a i d   t h e r m o p l a s t i c   r e s i n  

u n d e r   s a i d   r e t a i n i n g   p r e s s u r e   to  the  n o r m a l   t e m p e r a t u r e   a n d  

n o r m a l   p r e s s u r e ,   f u r t h e r   in  t h i s   c a v i t y   vo lume   r e d u c t i o n  

s t a g e   p e r f o r m i n g   i n j e c t i o n   o p e r a t i o n   at  an  i n j e c t i o n  

p r e s s u r e   g r e a t e r   than  s a i d   r e t a i n i n g   p r e s s u r e   up  to  a  p o i n t  

when  the  t h e r m o p l a s t i c   r e s i n   of  a  q u a n t i t y   n e c e s s a r y   as  w e l l  

as  s u f f i c i e n t   for   m a i n t a i n i n g   the  i n d i v i d u a l   c a v i t i e s   f r e e  

of  u n f i l l e d   p o r t i o n   r e g a r d l e s s   of  v a r i a t i o n   of  f l o w - i n  

r e s i s t a n c e   to  the  c a v i t i e s   when  the  vo lume   of  the  c a v i t i e s  

a re   r e d u c e d   to  a  volume  e q u a l   to  the  sum  of  the  volume  o f  

the  molded   a r t i c l e s   to  be  molded   and  a  vo lume   of  m o l d i n g  

s h r i n k a g e   due  to  the  c o o l i n g   of  s a i d   t h e r m o p l a s t i c   r e s i n  

u n d e r   the  r e t a i n i n g   p r e s s u r e   to  the  n o r m a l   t e m p e r a t u r e   a n d  

n o r m a l   p r e s s u r e ,   r e d u c i n g   the  vo lume   of  the  p l u r a l i t y   o f  

c a v i t i e s   to  a  vo lume  not  c a u s i n g   o v e r c h a r g e   of  t h e  



EP  0  380  688  A1 

54 

t h e r m o p l a s t i c   r e s i n   c a u s i n g   back  f low  beyond   a l l o w a b l e   r a n g e  

by  the  i n j e c t i o n   o p e r a t i o n   at  an  i n j e c t i o n   p r e s s u r e   g r e a t e r  

than   the  r e t a i n i n g   p r e s s u r e   when  the  vo lume  of  s a i d   c a v i t i e s  

a re   r e d u c e d   to  a  volume  e q u a l   to  the  sum  of  the  volume  o f  

the  molded   a r t i c l e s   to  be  molded   and  a  vo lume  of  m o l d i n g  

s h r i n k a g e   due  to  the  c o o l i n g   of  s a i d   t h e r m o p l a s t i c   r e s i n  

u n d e r   s a i d   r e t a i n i n g   p r e s s u r e   to  the  no rma l   t e m p e r a t u r e   a n d  

n o r m a l   p r e s s u r e   by  the  t i ne   when  the  t h e r m o p l a s t i c   r e s i n   o r  

a  q u a n t i t y   n e c e s s a r y   az  well   as  s u f f i c i e n t   for  m a i n t a i n i n g  

the  i n d i v i d u a l   c a v i t i e s   f r e e   of  u n f i l l e d   p o r t i o n   r e g a r d l e s s  

of  v a r i a t i o n   of  f  1  o  w  -  i  n  r e s i s t a n c e   to  the  s a i d   c a v i t i e s   i s  

i n j e c t e d   when  the  v  o  I  u  ■"!  e  of  the  c  a  '-  ■  t  i  e  s  are   r e d u c e d   to  a 

v  )  1  -  m  e  e q u a l   to  t  r,  e  sum  :  :  t  h  e  v  o  1  u  m  e  of  the  v o i d e d   a r t i c l e s  

to  be  molded  and  a  volume  of  m o l d i n g   s h r i n k a g e   due  to  t h e  

c o o l i n g   of  s a i d   t h e r m o p l a s t i c   r e s i n   unde r   s a i d   r e t a i n i n g  

p r e s s u r e   to  the  normal   t e m p e r a t u r e   and  normal   p r e s s u r e :  

l o w e r i n g   the  i n j e c t i o n   p r e s s u r e   to  s a i d   r e t a i n i n g   p r e s s u r e  

and  r e d u c i n g   the  volume  of  s a i d   p l u r a l i t y   of  c a v i t i e s   to  a 

vo lume   e q u a l   to  the  sum  of  the  vo lume  of  the  molded   a r t i c l e s  

to  be  molded  and  a  volume  of  m o l d i n g   s h r i n k a g e   due  to  t h e  

c o o l i n g   of  s a i d   t h e r m o p l a s t i c   r e s i n   u n d e r   s a i d   r e t a i n i n g  

p r e s s u r e   to  the  normal   t e m p e r a t u r e   and  no rma l   p r e s s u r e   a f t e r  

the  time  when  the  t h e r m o p l a s t i c   r e s i n   of  a  q u a n t i t y  

n e c e s s a r y   as  wel l   as  s u f f i c i e n t   for  m a i n t a i n i n g   t h e  

i n d i v i d u a l   c a v i t i e s   f r e e   of  u n f i l l e d   p o r t i o n   r e g a r d l e s s   o f  
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the  v a r i a t i o n   of  f l o w - i n   r e s i s t a n c e   to  s a i d   c a v i t i e s   i s  

i n j e c t e d   when  the  volume  of  s a i d   c a v i t y   a re   r e d u c e d   to  a 

v o l u m e   e q u a l   to  the  sum  of  the  v o l u m e   of  the  mo lded   a r t i c l e s  

to  be  mo lded   and  a  volume  of  m o l d i n g   s h r i n k a g e   due  to  t h e  

c o o l i n g   of  s a i d   t h e r m o p l a s t i c   r e s i n   u n d e r   s a i d   r e t a i n i n g  

p r e s s u r e   to  the  noemal   t e m p e r a t u r e   and  n o r m a l   p r e s s u r e   : 

s e a l i n g   a  s p r u e   p a r t   when  the  b e h a v i o r   of  the  r e s i n  

in  the  c a v i t i e s   are  s t a b i l i z e d :  

h a r d e n i n g   the  r e s i n   i n j e c t e d   i n t o   the  c a v i t i e s   by 

a p p l y i n g   a  p r e s s u r e   t h a t   g i v e s   d y n a m i c   m o d u l u s   of  e l a s t i c i t y  

of  the  r e s i n   at  the  normal   t e m p e r a t u r e   and  n o r m a l   p r e s s u r e :  

a n d  

c o o l i n g   the  r e s i n   h a r d e n e d   by  p r e s s u r e   a n d  

c o n t i n u i n g   t h i s   c o o l i n g   p r o c e s s   u n t i l   the  r e s i n   is  c o o l e d   to  

a  t a k e - o u t   t e m p e r a t u r e   w h i l e   r e d u c i n g   the  p r e s s u r e   so  as  to  

c a n c e l   out   the  r i s e   of  the  d y n a m i c   m o d u l u s   of  e l a s t i c i t y   d u e  

to  c o o l i n g .  
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